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ACADEMIC EFFICIENCY 


AsouT ten years ago I was asked by the 
president and general manager of a large 
manufacturing corporation to advise him 
how to improve the performance of his 
boiler house. During the previous winter 
it was pushed to its utmost to deliver 
enough steam to run the engines and to 
keep the buildings warm, and the next 
winter, on account of extensions to the fae- 
tory and increased output, the demand for 
steam would be still greater. Before be- 
ginning my work the president told me 
something of the history of the company, 
and of how he came to be the general man- 
ager. It had grown in fifty years from a 
small concern to a large one, occupying sev- 
eral blocks of ground. The business was 
the manufacture of a variety of shelf hard- 
ware. He had for several years been a di- 
rector and the manager of the sales de- 
partment, and on the death of the former 
factory manager the directors insisted on 
his taking the place, although, as he said, he 
knew nothing about running a factory. 
He started in to learn how by ealling in the 
best outside expert advice available. He 
was paying $10,000 for a year’s services of 
a highly skilled expert in machinery, jigs 
and methods of manufacturing, who was 
making a revolution in the shop, which 
amply justified the high price paid for his 
services. This man said he knew nothing 
about boilers, and therefore I was called in 
to tackle the boiler problem. Incidentally 
the president told me that the catalogue of 
the products made by the concern con- 


1A paper presented at the Boston meeting of 
the Society for the Promotion of Engineering 
Education, June 28, 1912. 
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tained 14,000 items, each of which involved 
patterns, jigs, templates, storage, book- 
keeping records and correspondence, Prob- 
ably half of these items were either obso- 
lete or in very small demand, and another 
large fraction were unprofitable to handle. 
Another $10,000 might have been properly 
spent in making a selection of which of the 
14,000 items should be abandoned and in 
printing a new catalogue. 

In regard to the boilers, the president told 
me I could get all information available from 
two men, the superintendent of the factory 
and the chief engineer, who were at logger- 
heads. One had told the president one 
story about the boilers, and the other an op- 
posite story, and he did not know which one 
to believe. He called the superintendent 
into the office to tell me his story and, dis- 
missing him, called in the engineer, who 
told me the other story. I then had the 
engineer take me through the whole fac- 
tory, including the power plant. On my 
return to the office I told the president that 
the engineer had told the facts, and that 
the superintendent had not because he was 
ignorant; he knew nothing about a power 
plant and never would know, for his bump 
of conceit was too great to permit of his 
learning. I reported further that the 
trouble from lack of steam was not the fault 
of the boilers—there were about 25 of them, 
crowding the boiler house to its capacity, 
and there was no available land for an ad- 
dition to it—they were making as much 
steam as they should be ealled on to make 
with due regards to economy of fuel; but 
the trouble was entirely owing to the great 
waste of steam throughout the factory in 
winter time. Live steam was used for 
heating, and numerous traps were wasting 
both steam and hot water. As a result of 
my investigation an exhaust-steam heating 
system was installed, and that stopped all 
complaints of the insufficient supply of 
steam. 
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This long story about a factory ma 

y 
seem to have nothing to do with academic 
efficiency, but there are several points of 
resemblance between its condition and that 
of some educational establishments. They, 
like it, are suffering from inefficient man- 
agement continued through a long period 
of years; they have too many items in their 
catalogue; heads of departments at logger- 
heads; a board of directors who are capital- 
ists, but who know nothing of the details 
of the business they are supposed to di- 
rect; a president and general manager who 
is well versed in the advertising part of the 
business, but knows nothing of the best 
ways of producing its product. The fac- 
tory, however, has two points of difference 
from and advantage over the college. (1) 
The competition of its rivals forces it to im- 
prove its methods, while the college has no 
such stimulus to improvement. (2) The 
manager of the factory referred to knows 
that he knows nothing about the best way 
of running a factory and therefore calls in 
outside expert assistance, the manager of 
the college thinks he knows it all, and 
therefore has no need of advice. 

I said some educational establishments, 
not all. There are others, and this brings 
me to another story. It is about a univer- 
sity. 

A certain large university more than 
twenty-five years ago had an engineering 
college that was already suffering from dry 
rot although it was only about ten years 
old. It had a good location, excellent 
buildings and equipment, and ample funds, 
yet the college had lost prestige, and the 
number of students was decreasing. The 
president of the university knew nothing 
about engineering education, but he was 
wise enough not to pretend to know any- 
thing about it. He asked half a dozen or 
more consulting engineers and engineering 
professors to visit the college and inde- 
pendently to give him written reports as to 
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what ought to be done to improve the col- 
lege. I was one of the visitors. I found 
that the college was divided into two inde- 
pendent departments, one theoretical and 
the other practical, each presided over by 
a professor who was responsible only to the 
president. I spent a morning with one of 
these professors and an afternoon with the 
other. Each told a tale of woe, about the 
utter worthlessness and total depravity of 
the other man. I advised the dismissal of 
both, and the appointment of a man who 
was big enough to be the head of the whole 
college. Some months were spent by the 
president of the university in getting these 
reports and in interviewing different ex- 
perts, including men whose names had been 
suggested as qualified for the position. He 
selected the right man, gave him full au- 
thority, approved his every request, and the 
trustees gave him everything he asked for 
in the way of competent assistants and ad- 
ditional equipment. The theoretical pro- 
fessor resigned, and the practical one 
gracefully subsided into a minor subordi- 
nate position, where he gave no trouble. 
The college grew with great rapidity. In 
ten years it was in the front rank of the 
engineering colleges of the world, which 
position it still holds, 

Note the points of similarity between the 
factory and the university as related in 
these two stories. Each was suffering from 
inefficient management, each had a presi- 
dent who was ignorant of the details of the 
business, but who was conscious of his ig- 
norance and was willing to take advice 
from outside. In each case the advice was 
taken, with the best possible results. 

My subject is entitled Academic Effi- 
ciency. Iuse this short term merely because 
it has been used before to mean the effi- 
ciency of educational methods, and it may be 
hecessary to explain that the word academic 
here means relating to an academy or edu- 
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cational establishment, and not, as it some- 
times means, ‘‘unreal’’ or ‘‘unpractical.”’ 
The word efficiency is often used with dif- 
ferent meanings. Dr. Eliot, ex-president 
of Harvard University, in his little book on 
‘‘Edueation for Efficiency’’ defines it as 
‘‘effective power for work and service dur- 
ing a healthy and active life’’ and he says: 

National education will be effective in propor- 
tion as it secures in the masses the development 
of this power and its application in infinitely 


various forms to the national industries and the 
national service. 


The engineer uses a more restricted and 
technical definition, the quotient of output 
divided by input, or the relation or ratio of 
the result achieved to the effort in obtain- 
ing it. Mr. Harrington Emerson objects 
to this definition as insufficient in its not 
including an equitable standard of achieve- 
ment or output as one of its factors, and 
defines efficiency as the ‘‘relation between 
an equitable standard and an actual 
achievement,’’ or ‘‘the relation between 
what is and what coulu be.’’ 

Strictly speaking, the engineer’s defini- 
tion is limited to cases in which both the 
input and the output may be measured in 
the same unit, or in units that are convert- 
ible one into the other, such as foot-pounds 
and heat-units, but it is a convenient defi- 
nition for many cases in which neither the 
whole output nor the whole input is capa- 
ble of accurate measurement in similar 
terms. For example: 

We spend or give We get or gain 


(Input) (Output) 
Money or salable goods 


Time 

Money or raw material Health 
Physical labor Recreation 
Mental labor Education 
Nervous energy Satisfaction 
Health 


Wear and tear of machinery 


If we take the engineers’ definition ex- 
panded in this way so as to include in the 
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input every conceivable kind of expenditure 
and in the output every conceivable kind 
of achievement, it will apply to every ac- 
tivity of man. The efficiency, while it can 
not be stated in figures, as a percentage, is 
measured by the value of the output in re- 
lation to the input or expenditure. Thus 
a business man may spend every one of the 
items listed under the head of input, and 
measured by a money standard the result 
may show a high efficiency, but measured 
by a broader standard, in which the result 
as to health is a negative quantity, it is 
most inefficient. Then if he takes to golf 
playing he may spend time, money and 
physical labor, and gain health; the effi- 
ciency by the money standard is zero, but 
by the broader standard, including health, 
recreation and satisfaction, he may con- 
sider that the efficiency of the operation is 
100 per cent. 

A college spends all the items listed 
under ‘‘input,’’ its efficiency is zero from 
the money standard, for its business is not 
to make money, and may be high or low 
measured in the other items listed under 
output. By Mr. Emerson’s definition, the 
relation of an equitable standard to the 
actual achievement, or the relation be- 
tween what is and what could be, we com- 
pare the actual output in health, recreation, 
education and_ satisfaction, with what 
might be realized under the best possible 
conditions of system and management. 
Are the results what they ought to be in 
kind, in quality or in quantity, and if they 
are not, what are the defects and how can 
they be remedied ? 

In the big factory of which the story has 
been told, the product included 14,000 
items, many of which should have been 
abandoned, and much of the inefficiency 
was due to the factory’s making products 
that should not have been made. When an 
efficiency expert begins his operations in a 
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factory his first questions are what kind of 
product is made? Why is it made. Why 
not abandon it if it is not profitable? The 
same questions might be asked of a college, 
The next set of questions covers the qual- 
ity. Is the quality too highly refined and 
too costly, so that its market is limited? 
Is it too common and cheap, so that it has 
to be brought into competition with the 
poorest goods on the market? Is it out of 
date and unfashionable? Is the quality 
what it ought to be, and if not what are 
the reasons, and how can it be improved? 
Surely these questions may be asked of a 
college, and it is the general belief that the 
answers would not be complimentary to the 
college. There are serious defects in the 
quality of the college product. 

Next come questions as to quantity, 
Is the factory turning out too much of one 
kind of goods, so that the market is glutted 
and the price too low? Is it turning out 
too little, so that it is not doing as much 
business as it might do? Is it turning out 
too much of one kind and not enough of 
another; and if so, what changes should be 
made so as to establish a proper balance? 
Is the college overcrowding the profes- 
sions with men who are not needed in 
them? Is it failing to supply the demand 
for the kind of men who are needed? The 
common opinion is that both of these ques- 
tions must be answered in the affirmative. 
The last report of the Carnegie Foundation 
for the Advancement of Teaching says: 

In almost every state of the union there are 
more colleges in name than the country needs or 
ean afford. They have been started without much 
regard to the ultimate educational demands—weak 
and often superfluous colleges. In many cases 
their existence makes impossible that of good high 
schools which would far better serve the educa- 
tional interests of the community. 

After these questions of kind, quality 
and quantity of product are considered, 
then comes the question of cost per unit of 
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product and of possible methods of reduc- 
ing that cost. In the factory the solution of 
these questions is one of great difficulty 
and complexity. It includes the items of 
location, buildings, machinery, system of 
organization, functional foremanship, sta- 
tisties, accounting, planning of work, rout- 
ing it through the shop, methods of pay- 
ment of wages, keeping high-priced men 
only on high-priced work and finally time 
study resolved into its elements, that is, mo- 
tion-study. I quote from Frank B. Gil- 
breth’s new book on Motion Study: 


There is no waste of any kind in the world that 
equals the waste from needless, ill-directed and 
ineffective motions. . . . Tremendous savings are 
possible in the work of everybody—they are not 
for one class, they are not for the trades only; 
they are for the offices, the schools, the colleges, 
the stores, the household and the farms... . It is 
obvious that these improvements must and will 
come in time. But there is inestimable loss in 
every hour of delay. The waste of energy of the 
workers in the industries to-day is pitiful. ... 
In the meantime, while we are waiting for the 
politicians and educators to realize the importance 
of this subject and to create the bureaus and 
societies to undertake and complete the work, we 
need not be idle. There is work in abundance to 
be done. Motion study must be applied to all the 
industries. Our trade schools and engineering 
colleges can: 

1, Observe the best work of the best workers. 

. Photograph the methods used. 

. Record the methods used. 

. Record outputs. 

. Reeord costs. 

. Deduce laws. 

. Establish laboratories ‘‘for trying out laws.’’ 

. Embody laws in instructions. 

. Publish bulletins. 

10. Cooperate to spread results and to train the 
rising generation. 
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Mr. Gilbreth refers to motion study of 
the industries that are producing material 
wealth, but his words may be applied to 
the industry of educating men and women, 
that is, to the schools and colleges. 

The methods of reducing the cost per 
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unit of product in industrial concerns have 
now been reduced to a science by the man- 
agement experts, Taylor, Gantt, Emerson, 
Parkhurst and others. In educational cir- 
cles only the merest beginning has been 
made. Bulletin No. 5 of the Carnegie 
Foundation for the Advancement of Teach- 
ing, a quarto pamphlet of 134 pages, en- 
titled ‘‘Academie and Industrial Effi- 
ciency,’’ contains a report by Morris 
Llewellyn Cooke of the investigation of the 
department of physies of eight different 
colleges or universities. Mr. Cooke has had 
several years’ experience as expert on man- 
agement of industrial works, and is now 
Director of Public Works of the city of 
Philadelphia. His report is only a prelim- 
inary one, and covers little more than a 
statistical investigation of the cost of in- 
struction in physics per student-hour, and 
some observations on methods of adminis- 
tration, and on the economical use of build- 
ings and of the time of the professors and 
instructors, in all of which he found great 
differences. The total cost of physies per 
student-hour at Harvard was $1.08 and at 
Wisconsin $0.60. Of these totals the in- 
terest on plant and equipment and adminis- 
trative expense account is $0.53 at Har- 
vard, and $0.18 at Wisconsin. There are 
differences in the eolleges which are far 
more important, however, than those that 
ean be expressed in dollars and cents. For 
example, Mr. Cooke found one in which the 
professors showed the heartiest interest in 
the progress of each individual student, 
and another in which ‘‘every time the stu- 
dents were mentioned, there were evidences 
that the teachers had in mind the students’ 
scholarly inferiority and waywardness.’’ 
The egst per student-hour for any sub- 
ject may be obtained as in Mr. Cooke’s in- 
vestigation. It will be a far larger task to 
determine the efficiency of the student-hour 
—that is, what return in valuable education 
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the student gets for the expenditure of the 
thousands of student-hours that he spends 
in college. We have as yet no standards of 
measurement by which educational effi- 
ciency can be satisfactorily measured, but 
it can not be doubted that some day such 
standards will be found, when well-quali- 
fied experts are employed to find them. 
For a method of obtaining such a standard 
in English composition, see the writer’s 
paper in Proceedings of the Society for the 
Promotion of Engineering Education in 
1907 on ‘‘An Experiment in Teaching 
English to Freshmen in a University.”’ 

Efficiency, according to the engineers’ 
definition, is the relation of output to input, 
or the relation of the result to the effort 
and cost expended in achieving it. From 
the college student’s standpoint, the input 
is four years of time and say $2,000 to 
$4,000 in money. The output is what he re- 
ceives for that amount of time and money. 
Let us put what he receives in tabular form 
under two heads, life and study. 


Acquaintance. 
Companionship. 
Fraternity. 
Social activity. 
Life J Athletics. 
Reading. 
Leisure. 
Travel. 

| Moral uplift. 


Cultural Disciplinary. 
Information. 


: Foundations cf 
Technical | Science and Art. 


Study 
Relating directly 


Vocational life work. 


Cuition N on-useful or 
dilettante. 


How many hours out of the 24 in a day 
are student-hours, and how many are de- 
voted to so-called college life? Is his time 
properly divided between the activities of 


(N.S. Von. XXXVI. No, 938 


life and study? Of the student-hours is 
there the proper balance between the cyl. 
tural and the other branches? How and 
by whom is this balance determined? 
Which of the courses are prescribed and 
which are elective, and why? What text. 
books are used, and why? Are particular 
courses taught by the text-book and recita- 
tion methods, by the lecture and notebook 
method, by the problem method, or by the 
laboratory method? Is each teacher free 
to use his own method or is the method de- 
termined on by a department head or com- 
mittee or by other authority? What ex- 
perimental pedagogical work has been done 
to discover the relative efficiency of differ- 
ent methods? What are the results of such 
experiments? Have they been reduced to 
statistical form and published? What is 
the administration doing to improve edu- 
cational efficiency? Is there any method 
employed to measure the relative efficiency 
of different teachers, or of the same teacher 
in different years or when using different 
methods? How are the tenures of office, 
promotion, salary, ete., determined? How 
are poor teachers got rid of or transferred 
to other positions in which they may be 
more efficient. What is the organization 
of the college, and what are the efficiencies 
of the board of trustees, the president, and 
the heads of departments? If an investi- 
gator like Mr. Cooke, or preferably a com- 
mission of investigators, were to report to 
the Carnegie Foundation answers to these 
questions after a year’s examination of a 
dozen or more institutions of learning, it is 
safe to say that an appalling lack of effi- 
ciency would be disclosed. The commission 
would find every grade of goodness and 
of badness in the teaching staff, teachers 
generally overworked, underpaid and dis- 
satisfied and on the lookout for positions 
elsewhere. It would find self-perpetuating 
boards of trustees responsible to nobody, 
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individual trustees chosen not for any edu- 
cational qualification, but solely because 
they are men of wealth and influence; 
presidents chosen through personal or po- 
litical favoritism, whose ideas of education 
are those of the middle ages, and whose 
methods of government are those of the 
tyrant. It would find the conditions men- 
tioned by President Benton, of the Univer- 
sity of Vermont, in his inaugural address, 
1911, the election of new members of the 
faculty dependent entirely on the dictum of 
the president, ‘‘the administrative office a 
veritable cesspool where unpleasant experi- 
ences are deposited,’’ ‘‘a coterie of pro- 
fessors painfully sycophantic in the pres- 
ence of their lord and master and bitterly 
denuneciatory of him when left to them- 
selves,’’ ‘‘reprehensible hypocrisy by those 
who teach,’’ ete. President Benton seems 
to be unaware of the fact that the syco- 
phaney and hypocrisy which he thus be- 
wails are the inevitable results of govern- 
ment by an ignorant despot, and that they 
can be done away with only by a radical 
change in the system of government. I do 
not wish to be understood as believing that 
the conditions thus described are universal. 
There are many institutions in which there 
is no autocratic government, and in which 
the government approaches in some re- 
spect to democratic ideals, where free 
speech is possible, where merit is recognized 
and rewarded, and where the teaching 
methods are constantly being improved. 
Here and there we find evidences of at- 
tempts to find the best methods, and of new 
experiments in education whose results are 
very promising, for example, Professor 
Franklin’s improvement at Lehigh in the 
method of teaching laboratory physics, the 
examination of the English teaching in dif- 
ferent technical schools by Professor Earle 
of Tufts College, the introduction of the 
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preceptorial system at Princeton, Professor 
Schneider’s cooperative system in Cincin- 
nati, the university extension work at Wis- 
consin, the investigation by a committee of 
the Society of American Bacteriologists of 
the teaching of microbiology, and Dr. 
Rumely’s experimental preparatory school 
at Interlaken, Ind. 

Mr. Harrington Emerson has written a 
book entitled ‘‘The Twelve Principles of 
Efficiency.’’ He wrote it with especial ref- 
erence to the efficiency of manufacturing 
establishments, but the principles may be 
applied to educational institutions. They 
are the following: (1) Clearly defined 
ideals. (2) Common sense. (3) Compe- 
tent counsel. (4) Discipline. (5) The 
fair deal. (6) Reliable, immediate and ex- 
act records. (7) Despatching. (8) Stand- 
ards and schedules. (9) Standardized 
conditions. (10) Standardized operations. 
(11) Written standard practise instruc- 
tions. (12) Efficiency reward. The in- 
vestigating committee might use this list 
of twelve principles of efficiency in its ex- 
amination of the colleges and find to what 
extent they are in operation. 

Suppose that the Carnegie Foundation 
were to have an investigation made such as 
is here suggested, what good would it do? 
The same good that Mr. Cooke’s investiga- 
tion of the cost of the student-hour did, 
and something more. It would eall public 
attention to the subject, and might lead 
some universities to reform some of their 
methods. It would reveal how bad things 
are, which is the first step toward reform. 
The report would be denounced as Mr. 
Cooke’s has been, by college presidents and 
by editorial writers of conservative ways 
of thinking, as utterly subversive of all 
the ancient educational ideals, and involv- 
ing ‘‘a gross and fundamental error.’’ But 
it would set men thinking. It would show 
them that some universities and colleges 
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and some educational methods are better 
than others, and give the public some 
knowledge which would enable them to se- 
lect the best colleges, and some educators 
of a progressive turn of mind the informa- 
tion they are looking for in regard to 
methods. 

The best possible result of such a report, 
however, might be that it might induce some 
multi-millionaire to think that he had a 
duty to perform in helping to improve the 
efficiency of educational methods, by con- 
tributing the funds that would be required 
to carry on an educational experiment sim- 
ilar in extent to the experiments carried on 
by Mr. F. W. Taylor in the Midvale and 
Bethlehem Steel Works. It required more 
than twenty years of labor and the expendi- 
ture of some hundreds of thousands of dol- 
lars to carry on his experiments on tool 
steel, which have revolutionized machine- 
shop practise, and on scientific manage- 
ment, which bids fair to cause a far more 
important revolution in all our industrial 
systems. Mr. Taylor’s system of manage- 
ment can not be adopted without many 
modifications by an educational institution, 
but his system of experimentation ean be. 
It is simply the eareful collection of all 
the facts by an expert, their study by 
mathematical methods, the making of ex- 
periments to get more facts, their further 
study, and careful reasoning to arrive at 
correct conclusions. It takes years of time, 
thousands of dollars of money, and can 
only be undertaken with any probability 
of reaching valuable results by a scientific 
expert who is entirely unhampered by old 
traditions. The motto of the conservative 
is ‘‘whatever is is right,’’ that of the sci- 
entific expert is, ‘‘whatever is is apt to be 
wrong; I am going to test it and find out 
whether it is right or wrong.’’ 

Here is the outline of an educational ex- 
periment to take ten years of time and 
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cost half a million of dollars—ess money 
by the way, than one second-class aniiver. 
sity has spent on its equipment for athlet. 
ies within a few years, and less than has 
been paid by some millionaires for a 
couple of paintings. 

Appoint a commission of five well-edy- 
cated men who are not connected with any 
educational institution, say a minister, a 
doctor, a farmer, a merchant and an engi- 
neer, to secure a wide diversity in points 
of view. Pay them $5,000 a year each for 
the first year, and a smaller sum in succeed. 
ing years, when their time will not be fully 
occupied, and provide them with an office, 
stenographer and clerk, and funds for 
traveling expenses. Let them spend a pre- 
liminary year in investigating actual edu- 
cational conditions in this country, collect- 
ing facts, statistics and expert opinions, on 
which they should prepare a report. They 
should also report their opinion on what 
should be the course of education of a boy 
between the ages of 14 and 16, if he in- 
tends to go to work in the mechanical 
trades or in commerce at the age of 16, 
also what should be the course from 14 to 
18 (1) if he intends to go to work at 18, 
(2) if he intends to enter a general college, 
(3) if he intends to enter a_ technical 
school. The second year the experiment 
is to be begun. Select a hundred boys who 
are ready to enter high school, of the ma- 
jority of whom there is a reasonable prob- 
ability that they will, if they prove fitted 
for it at 18, take a college course. Rent a 
preparatory school, or a portion of one, 
and have the boys taught, by selected 
teachers, in the courses laid down by the 
commission. Provide enough tutors or 
preceptors to insure that the education of 
the boys is properly supervised and that 
their time is not wasted. Continue their 
high school education, for as many of them 
as stay in school, for four years. During 
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all this time the commissioners are to be 
studying methods of high-school teaching, 
and methods of measuring the efficiency 
of teaching, preparing practical standards 
of examination, not merely to test the 
memory of the scholars, as in ordinary ex- 
aminations, but to test their mental and 
bodily powers. Find out not only what 
the boys know, as a mere act of memory, 
but what and how they think, and what 
they can actually do. Test not only the 
hundred boys, or as many of them as re- 
main, but also boys in other high schools, 
by the same standards or by other 
standards that may be proposed by the 
high school teachers. Cultivate the same 
spirit of emulation for success in schol- 
arship that now exists for success in 
the athletic field, but give them also 
enough athletics and other recreation to 
develop their bodies as well as their minds. 
Train them also in hygiene, in morals and 
in manners, to make them not only scholars 
but gentlemen. 

During these four years the commission- 
ers are also studying college administra- 
tion, courses, methods of teaching and effi- 
ciency, and determining standards of 
measurement of efficiency. When the 
boys are through their preparatory course 
of four years, send them to such colleges 
as have been selected for them, have them 
take the courses for which they are fitted, 
provide tutors for them and watch their 
progress through the college, testing them 
by predetermined standards in compari- 
son with other college students. At the end 
of the four year college courses, the com- 
mission is to report on the whole eight 
years’ experiment. It will be found that 
many mistakes have been made, but prob- 
ably not so many as would be made in an 
ordinary eight years’ course of high school 
and college. The success of the experi- 


ment is not to be judged by the success of 
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these selected boys, but by the value of the 
information obtained and reported on by 
the commissioners as to the various meth- 
ods of teaching and of college administra- 
tion and by the acquirement of standards 
by which academic efficiency may be meas- 
ured in the future, 

During the whole of the eight years’ ex- 
periment the boys should be required to 
keep a diary in which they record what 
seems to be the most important items con- 
cerning their education, and they should 
once a year present to the commissioners a 
written report of their progress, keeping a 
copy for their own future use. Four years 
after they have graduated from college, 
when their minds are sufficiently mature, 
they should be asked to write critical re- 
ports of their educational career as it then 
appears to them. A study of these reports 
by the commission, which should be con- 
tinued in existence for that purpose, would 
no doubt furnish fruitful ideas for further 
educational progress. 

Cecil Rhodes did a noble work in estab- 
lishing the foundation of the Rhodes 
Scholarships in Oxford. Andrew Carnegie 
has done a grand work in establishing the 
Carnegie Institutes for Scientific Research 
and for the Advancement of Teaching. 
Equally grand will be the work of him who 
shall establish a foundation for the appli- 
cation of the methods of scientific manage- 
ment to the improvement of academic effi- 
ciency. 

This proposed plan is merely a sugges- 
tion. There may be a better plan, but 
whatever it may be it will take years of 
hard work and a large sum of money to ae- 
complish the desired results. It might be 
undertaken by the Carnegie Foundation 
for the Advancement of Teaching, by the 
Russell Sage Foundation, or by the gov- 
ernment, but the funds of these founda- 
tions are probably already fully employed, 
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and judging by the past non-activity of the 
government in educational matters it 
might take twenty years of agitation be- 
fore congress could be induced to make the 
necessary appropriation. The government 
has a Department of Agriculture which is 
making experiments for the farmer, to en- 
able him to grow larger and better crops, 
a Bureau of Forestry which is trying to 
conserve our forests, a Bureau of Mines 
which is experimenting on improving the 
methods of mining and on the prevention 
of accidents. It has also a Bureau of Edu- 
eation, which publishes statistics of schools 
and colleges and some interesting papers 
on educational subjects, but which has 
never investigated academic efficiency or 
carried on an educational experiment. All 
educational reforms in this country have 
been originated by individual philanthro- 
pists or by individual universities. They 
do not come about by normal process of 
evolution in the educational world or by 
governmental action, with perhaps the 
single exception, the Morrill Land Grant 
Act of 1862, just fifty years ago. We 
therefore must look for a millionaire phi- 
lanthropist to begin the great educational 
experiment which will lead to improving 
the methods of training our future citi- 
zens, 

Our modern educational literature, ad- 


dresses of college presidents, school super- 


intendents, proceedings of societies, etc., 
all show the prevailing consensus of opin- 
ion that there is something seriously wrong 
with our whole educational system, and 
that instead of getting better it is con- 
stantly tending to grow worse. There ex- 
ists also a great amount of ultra-conserva- 
tism and of mental inertia relating to the 
subject. It is high time that something 
practical be done in the way of reform. 
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THE PROBLEM OF ORGANIZATION 
THE PROGRAM 

I have heard the title ‘philosophical 
biologist’? applied to biologists who talk 
about such matters as this problem of or- 
ganization. The honor is totally un- 
merited. The problem is in strictest sense 
a biological problem. No doubt philosophy 
is interested in its solution. Philosophy is 
and ever has been a field for speculation 
about unsolved biological problems. When 
biclogy and other natural sciences shall 
have solved all their problems, a consid- 
erable burden will have been lifted from 
the shoulders of philosophy. This helpful 
relation should, however, be a mutual one. 
Science will never solve its problems—at 
most, it will never do more than think it 
has solved them—unless it constantly real- 
izes its own limitations and unless it fre- 
quently assures itself of the security of its 
foundations. Now, perhaps more than at 
any other time, the naturai scientist stands 
in need of help which may well come from 
the philosopher. Is it not timely to raise 
the question as to the validity of the as- 
sumptions upon which science rests and the 
integrity of the methods by which we at- 
tempt to progress? Science is a tool by 
means of which the human mind seeks 
truth. This tool was not fashioned by some 
omniscient being and bestowed upon man 
for his use. He made it himself. Is it 
possible that the tool is now antiquated in 
its structure or so distorted and worn with 
long use that it no longer cuts true? 

This problem of organization, in the 
sense in which I have stated it, is not only 
a biological problem. It is in a broad sense 
a physical problem. The materials of bio- 
logical science consist of those substances 
which we call living, and the energies 
whose existence is revealed to us by the mo- 
tions of the bodies composed of those sub- 
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stances. In the formation of a crystal we 
conceive of certain energies working in 
certain ways. Every formative event in an 
organism is a phenomenon of matter in mo- 
tion. The investigation of form and or- 
ganization reduces ultimately to an in- 
vestigation of the energies involved in the 
motions and configurations of certain sub- 
stances—biophysies. We would know the 
nature and mode of operation of these 
energies. Are they resultants or complexes 
of forms of energy with which we feel our- 
selves somewhat more familiar as we view 
them in the non-living? Or shall we find 
that living substance serves as the vehicle 
for energies peculiar to itself? In the lat- 
ter case we shall simply have lengthened 
the known list of truly physical agents 
that is, agents which are involved in the 
motions of molecules capable of analysis 
into known chemical elements. If any pe- 
culiar energetic properties of living sub- 
stance should be demonstrated, whether 
such energies should be regarded as phys- 
ical or non-physical is a question, not of 
fact, but merely of terminology. 

But before we can preface our inquiry 
with ‘‘what’’ and ‘‘how,’’ we must first 
ask, where? Our problem of organization 
is to a large extent the problem of deter- 
mining the situation of the energies in- 
volved in the formation and harmonious 
operation of organic systems. One impor- 
tant step has already been gained. It is 
not so long since we looked hopefully to the 
environment in which the animal lives as 
the seat of some, if not all, of the energies 
of organization. Now we know that the 
germ possesses something more than merely 
the fundamental capacities for metabolism 
and growth. It is not a bit of indifferent 
plastic substance which is molded into 
shape by an elaborate complex of environ- 
mental forces. The energies which under- 
lie organization are seated in the living 
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substance itself. We now press our ques- 
tion one step further. Where, in relation 
to each system of the organism, are the 
energies which produce the organization of 
that system? Does each organic unit con- 
tain within itself an energy-complex sufti- 
cient for the part played by that unit in 
the system to which it belongs and in all 
higher systems, or shall we find more com- 
prehensive energy-complexes transcending 
and dominating the intrinsic energies of 
all the units of a system? 

It is in the developing organism that 
this problem of organization most insist- 
ently demands our attention. There we 
see the complex arising from what appears 
to be simple, system growing out of system, 
one organization after another derived 
from something which gave within itself no 
evidence of the existence of such organiza- 
tions. The adult organism presents more 
nearly a static condition. When we under- 
stand how organic systems arise in onto- 
geny, we shall doubtless be in a fair way to 
know, if we do not then already know, how 
organization is maintained in the adult. 
Not only is the problem essentially a prob- 
lem of the developing organism, but de- 
velopment offers to the investigator the 
most promising field of attack. He is by 
no means restricted to embryonic develop- 
ment. Regenerative development involves 
essentially the same processes as embryonic 
development. Precisely the same prob- 
lems exist in both and for obvious practical 
reasons there are great advantages in favor 
of experimentally controlled regeneration 
as a means of discovering the location of the 
energies which produce organization. 

Units of organization representing at 
least the more conspicuous grades of units 
which we see in the adult appear early in 
the ontogeny of metazoa. At first we see 
cells only, but very soon they become dis- 
posed in sheets or layers which, so far as 
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visible structure is concerned, are the em- 
bryonic equivalent of tissues in the adult. 
These germ layers almost immediately 
undergo local modifications wherein we see 
the embryonic equivalent of organs. And 
before development progresses very far, 
structural peculiarities appear which corre- 
spond to specific characteristics of the 
whole individual. As the observer attempts 
to follow these events of ontogeny he soon 
finds himself confused and lost in so great 
a complication of developmental opera- 
tions that he can no longer surely distin- 
guish processes which are functions of the 
organization of cells as cells, and processes 
which are functions of the organization of 
embryonic tissues, and others which may 
be functions of units of organization of yet 
higher grade. 

In our approach toward the problem of 
organization, a step of the utmost impor- 
tance will have been gained when we have 
so far analyzed developmental operations 
that each component process may be posi- 
tively identified as the function of a struc- 
tural unit corresponding to an organiza- 
tion of a certain grade. We must at the 
outset clearly distinguish between processes 
which depend upon the operation of proto- 
plasmic mechanism of one grade or another, 
and those events or conditions which are 
entirely independent of active physiolog- 
ical factors, as, for example, when the orien- 
tation of an egg cell in space and the dis- 
tribution of some substance in the egg are 
directly due to gravity acting upon a heavy 
yolk. We must then determine, for each 
truly physiological developmental event, its 
value or position in the scale of organiza- 
tions. We shall then have come to recog- 
nize in a certain developmental event, for 
example, a process which requires the 
operation of no organization higher than 
that which is fundamentally inherent in all 
cells. Any cells whatever, being in that 
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particular physiological state—that is, as 
regards general metabolic conditions ang 
the like—and placed in that particular 
physical environment, would exactly re. 
produce the developmental event which is 
before us. (I distinguish between the 
physical environment which ineludes all 
those conditions, such as temperature, pres. 
sure, chemical constitution of the medium 
which are either independent of the struc. 
ture of protoplasm, or only indirectly or 
remotely determined by it; and the physio. 
logical environment, essentially physical in 
nature, which includes the action of im- 
mediately present specific protoplasmic 
mechanisms.) Thus, it is conceivable that 
the earlier cleavage events, in at least some 
animals, are of this elementary character, 
inasmuch as they may show no definite or 
necessary relations to the organizations 
which appear later. In many eases the 
cleavage plan may be profoundly modified 
without important effect upon the subse- 
quent development. In another instance 
we may distinguish a process for which the 
mechanism common to all cells is not ade- 
quate. It is, we will suppose, a process re- 
quiring, superimposed upon the essential 
cell mechanism, something else which re- 
sults in the association together of numer- 
ous similar eells to constitute a layer or 
tissue of specific structural and physiolog- 
ical character; for example, the ectoderm. 
Beyond that in this case we need not go, 
for it becomes clear to us that any group 
of cells whatever, belonging to a tissue of 
this type and placed in a physical situation 
like that which exists in our supposed case, 
would exhibit that particular formative be- 
havior which we have there observed. It 
is the essential point in this ease that the 
process is one which has no necessary rela- 
tion to the specific features of an organ or 
any higher complex of the individual. It 
may, indeed, be a process which particl- 
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pates in an important way in the develop- 
ment of an organ, but it contributes noth- 
ing of specific character to that organ inas- 
much as tissue of the same type would play 
precisely the same role in the development 
of any other organ. It is therefore essen- 
tially a tissue process, being one which in 
no way bears the impress of any higher or- 
ganization of the individual. The inherent 
propensity of an epithelium for investing 
a surface illustrates the tissue process. 

In yet another instance we see a group 
of tissue elements undergoing changes 
which result in the establishment of some 
specific feature of an organ, such as the 
alveolus of a gland, or a Bowman’s capsule 
of the kidney. Not every group of elements 
belonging to the type of tissue concerned 
would, even if placed in the physical situa- 
tion occupied by the group under considera- 
tion, give rise to that same structure. It is 
clear, however, that a certain structure may 
upon oceasion be formed by a group of ele- 
ments other than that which would nor- 
mally give rise to it. The tissue elements 
which normally do form a certain structure 
of high order, and those which in emergency 
can do so, must either contain within them- 
selves or encounter in their environment an 
energy-complex which determines their ac- 
tivity. Something, therefore, must be 
added to or impressed upon the organiza- 
tion of an epithelial tissue or else some- 
thing corresponding to the organization of 
the higher system must dominate the tissue 
organization. In this case, then, we have 
an example of a developmental event which 
owes its occurrence to energetic factors be- 
longing to that grade of organization cor- 
responding to those larger structural com- 
plexes which, in the ordinary anatomical 
sense, we call organs. 

Finally we observe that organs develop 
in such a way that certain larger structural 
complexes are established. The several 
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organs come to have, in a great variety of 
ways, very definite relations one to another, 
Especially conspicuous are the spatial re- 
lations which result in a certain body plan 
and general form. These larger relations 
and peculiarities characterize an organic 
unit higher in grade than the organ, 
namely, the organism as a whole or the 
individual or, as Haeckel names it, the per- 
son. We meet here precisely the same prob- 
lem which we have met at every other level 
of organization. It is conceivable that ab- 
solutely indifferent cells exist—eells pos- 
sessing no organization beyond that repre- 
sented in the structural substratum ecom- 
mon to all cells. When a cell becomes a 
tissue cell the fundamental cell organiza- 
tion must have been modified or something 
must have been added to it or something 
must dominate it. Further, a tissue as 
such, while possessing certain definite 
habits of growth, is indeterminate in form, 
In an epithelium one dimension, thickness, 
is approximately determined. In muscle 
tissue no dimension is determined. When 
a tissue becomes shaped into an organ or 
some part of an organ, the fundamental 
tissue organization must have been modi- 
fied or something must have been added to 
it or something must dominate it. Still 
further there is no universal necessity gov- 
erning the larger relations which exist 
amongst organs. We need only compare 
individuals of different species to see that 
similar and corresponding organs may be 
related to one another in a variety of ways 
so that individuals very unlike in body 
plan and general form result. Somewhere 
in ontogeny must exist energetic factors re- 
sponsible for these larger features which 
characterize the individual as a _ whole. 
These factors may consist in modifications 
of organizations of lower orders or in some- 
thing added to them, or they may consist 
in some energy-complex which transcends 
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and dominates inferior organizations. Be- 
yond denial there is a specific something, 
if it be nothing more than accidental chem- 
ical peculiarities of cells or smaller units, 
which corresponds to the organization of 
the individual as a whole. When, there- 
fore, we see two organs arising in an em- 
bryonic cell layer which is otherwise lack- 
ing in visible differentiation, the distance 
between these two organs bearing to other 
dimensions in the embryo a ratio which is 
fairly constant for embryos of that species, 
we have before us an instance of the 
operation of the organization as a whole. 
Many developmental events we may even 
now attribute, with a fair degree of confi- 
dence, to organizations of certain grade. 
Perhaps this is to a greater extent true of 
the later and more complex developmental 
operations than of the earlier and simpler. 
When we see a limited region of a tissue 
whose physical (in distinction to physiolog- 
ical) environment can not be far from 
homogeneous give rise to a structure of 
considerable complexity, it is highly prob- 
able that the action of an organization 
higher than that of the tissue is involved. 
But who can say whether the typical pro- 
cess of gastrulation is a function of cells or 
of cell layers? Do the factors concerned 
in gastrulation consist of a certain physical 
environment plus cell organization, or does 
this process depend essentially upon that 
higher organization in virtue of which the 
embryonic cells are associated together in a 
blastoderm, or does it involve specific fac- 
tors higher in grade than those which de- 
termine organization as a mere cell layer? 
Or, indeed, does it involve no protoplasmic 
mechanism of any grade, being entirely 
dependent upon the physical environment 
and the gross physical properties of the 
blastula wall? While I am strongly of the 
opinion that gastrulation depends upon 
physiological factors of an order higher 
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than cell organization, I can not offer abso- 
lute proof of it. 

When we have identified the grade of 
the organization responsible for a particu. 
lar developmental event, our next task— 
doubtless a much more difficult one—vyil] 
be to discover the location of the dynamic 
factors which determine that event. Are 
they numerous, mutually independent, col- 
lectively uncontrolled, seated in the several 
elements of the responsible system, the 
event in question being merely the result- 
ant effect of their separate operation? Or 
does some larger dynamic agent dominate 
the behavior of all the subordinate mem- 
bers of the system? When we have ac- 
complished all this we may well feel en- 
couraged to press on to the discovery of 
the mode of operation and the nature of 
these organic energies. 


THE REALITY OF ORGANIZATION 


Now the question arises whether this con- 
ception of organizations of various grades 
consists in anything more than an artificial 
and arbitrary classification of the complex 
phenomena of ontogeny and of the com- 
plexities of adult structure. Is it not of 
the same nature and value as our classifi- 
cation of animals? We have devised a 
scheme whereby we regard animals as 
segregated into a series of groups—species, 
genera and so on—subordinated one to 
another. We arbitrarily separate these 
groups by sharp lines. While the scheme 
expresses, to some extent, our ideas con- 
cerning the past history of animals, the 
groups themselves have no real existence 
‘‘in nature,’’ as we say. There these sharp 
lines do not exist. The species or other 
group has no definite limits in space, 00 
form, no integrity. It has no organization 
as a whole. It is true that some close anal- 
ogies may be drawn between phylogenetic 
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history and ontogenetic history. We con- 
ceive of phylogeny as working from the 
simple to the complex. An original an- 
eestor gives rise to series of animals which 
inherit peculiarities of the common ances- 
tor and acquire various additional pecul- 
iarities. It is a process of differentiation. 
The oosperm is the original ancestor of all 
the cells of the individual. Ontogeny 
works from the simple to the complex. As 
it progresses cells ‘‘inherit’’ certain pe- 
culiarities from the common ancestor, the 
oosperm, and ‘‘aequire’’ other peculiarities 
which, so far as visible structural features 
are concerned, are new for that individual. 
Thus arises differentiation into the numer- 
ous types of tissue cells. (It is a curious 
inconsistency of the scientific mind that in 
ontogeny, where we can directly observe 
the history of the whole ‘‘race’’ of cells, 
having before us both the beginning and 
the end of their evolution, we are strongly 
inclined to believe that the ‘‘new’’ char- 
acters which appear as differentiation 
progresses were somehow potentially pre- 
sent in the common ancestor, the oosperm. 
Turning from this evolution of a cell king- 
dom to that larger evolution of an animal 
kingdom whose beginning and end we can 
not compass, of whose history only a brief 
and far from lucid chapter lies within our 
observation, we are equally strongly in- 
clined to look for the causes of new char- 
acters anywhere under heaven rather than 
to attempt to think of them as having been 
somehow latent in a remote ancestor!) 

In spite of striking analogies, phylogeny 
and ontogeny are quite clearly different in 
their mode of operation. The noteworthy 
feature of ontogeny is the concerted and 
coordinated behavior of many elements, 
either of the same kind or of different 
kinds. This harmonious action of ele- 
ments gives rise to configurations which 
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are definite and limited. Within phylo- 
genetic groups such coordinated behavior 
of numerous individuals does not, in gen- 
eral, exist. We see something similar to it 
in the social organizations of some animals, 
but outside of the human species it is ex- 
ceptional. Within the human species so- 
cial organization is all-important. There 
are conspicuous analogies between the co- 
ordinated behavior of human individuals 
and the concerted action of the structural 
elements of an individual. We may well 
raise the question whether an unprejudiced 
and open-minded study of these analogies 
may not serve to guide us toward the truth 
in our attempt to interpret and ‘‘explain”’ 
the organization which we see within the 
individual. For the single cell and the 
whole multicellular animal are both living 
beings of one kind or another. This brings 
us to the edge of a vast subject whose full 
discussion at this point would be both pre- 
mature and aside from our main thesis. 

In general, then, phylogenetic groups 
lack organization. They possess no form 
unless it be geographical distribution, and 
this, even were our knowledge of it com- 
plete, must be so indefinite that it can be 
described only by means of arbitrarily 
drawn lines. In geographical distribution 
there is nothing closely comparable to the 
problem of form within the individual. 
Distribution has its problems, but the fac- 


tors in it are relatively well known and 


intelligible. In general they consist, upon 
the one hand, of the various conditions 
contained within the physical environment 
and, upon the other hand, of the peculiari- 
ties in the organization of the individuals 
of the group. But these are the peculiari- 
ties of the organization of the individual 
as an individual. So far as form is con- 
cerned, and aside from the relatively rare 
phenomena of social organization, there is 
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no evidence that a species or other group 
contains any organization higher than that 
of its members as individuals. This lack 
of form in the phylogenetic group is most 
significant in the present connection, for 
it affords us an example of what results, 
in the way of form, from the action of 
physical environment on a group of living 
units possessing no organization higher 
than that of each individual as such. In 
contrast to this we see everywhere in on- 
togeny precisely coordinated action of nu- 
merous elements resulting in forms which 
are not only definite, but elaborate. The 
physical environment in ontogeny may be 
considerably altered, yet these forms insist 
upon developing. Is it not futile, at this 
stage of our knowledge, to attempt to think 
of tissues originating in ontogeny by the 
action of a physical environment upon in- 
different cells, or to think of organs arising 
similarly from indifferent tissues? While 
it is becoming that science, as well as scien- 
tists, should be modest in its claims, never- 
theless to underestimate our knowledge 
merely retards progress. We now possess 
a large body of well-authenticated data 
upon ontogeny. I can not see in these 
data the least evidence that an environ- 
ment which is, in the ordinary sense, 
purely physical—that is, devoid of specific 
physiological factors—has any power what- 
ever to organize living substance. Upon 
the other hand there is every evidence that 
organization arises within the living sub- 
stance and that the living organizes the 
non-living. To admit that originally the 
living arises spontaneously from the non- 
living by any sueh process as fortuitous 
concourse of atoms is explicitly to deny 
that the non-living has organizing power, 
for then organization begins by accident 
and higher organizations could arise only 
by continuance of accidents within the 
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living substance itself, environment merely 
acting selectively. Even if chance is the 
creative element in phylogeny, it is not so 
in ontogeny. The development of the in- 
dividual does not progress by trial and 
error. 

We must admit, I believe, that in onto- 
geny cells are somehow directly and actively 
organized into tissues, and tissues and cells 
are still further organized into organs. 
The physical environment of a group of 
embryonic cells is no more capable of or- 
ganizing those cells into a higher complex 
of elaborate form, than is that larger en- 
vironment in which the whole animal lives 
eapable of directly determining in ontog- 
eny the form of the animal as a whole. 
I see no escape from the conelusion that 
specific organie or physiological factors— 
dynamic factors seated in protoplasmic 
structure—are involved in this organizing 
of lower structural elements into higher. 

Furthermore, our analysis of the adult 
organism into organs, tissues and cells of 
various kinds is not, to any important 
extent, arbitrary. Here sharply drawn 
lines do exist. In the adult animal we do 
not find cells which constitute a continuous 
graded series between two distinctly differ- 
ent types of cells. <A: cell is either one 
thing or another. Neither do the several 
types of tissues in any individual merge 
indistinguishably one into another, as do 
species. In ontogeny a cell of one type 
may become transformed into a cell of 
another type, passing gradually through 
all the intermediate conditions. But the 
change is completed so that ultimately the 
cell is distinctly of one type and not of the 
other. If in the adult animal there are 
‘indifferent cells,’’ they are not indifferent 
in the sense of being indefinitely inter- 
mediate in character between cells of dif- 
ferent types. Their very indifference con- 
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stitutes them into a class sharply separated 
from differentiated tissue cells. Or they 
may be potential tissue cells which have 
not yet undergone their definitive trans- 
formation. When therefore we say that 
an animal is composed of organs, the or- 
gans of tissues, and the tissues of cells, we 
are not merely proposing a classification 
for the sake of injecting some order into 
complex structural data. Clearly, this 
scheme of organic structure represents sub- 
stantial existence. 

Our conviction of its reality is corrobo- 
rated by the facts of development. It is 
true that ontogeny, like phylogeny, is a 
process within which at every point there 
is gradual transition from one form to 
another. Here again, then, are we not 
arbitrary in attempting to distinguish or- 
ganizations of distinctly different grades? 
No, for there is this profound difference 
between phylogeny and ontogeny. In 
phylogeny the intermediate forms to a 
large extent persist as such, and each inter- 
mediate individual has precisely the same 
organic value as any individual of either 
of the species between which it is inter- 
mediate. In ontogeny the transitional 
stage is of relatively brief duration. While 
in this stage the element has the organic 
value of that unit of higher order which it 
is destined to become, and not that of any 
unit of lower order. It is intermediate 
therefore only in external aspect. It is po- 
tentially an element of a distinct type and 
it is assuming the structural characteristics 
of that type as rapidly as the organic ener- 
gies concerned can elaborate them. On- 
togeny, then, while it is in a sense a process 
in which there is gradual change from one 
thing to another, is nevertheless a process 
whose essential feature is the establishment 
of sharply marked differences. This com- 
parison between phylogeny and ontogeny 


SCIENCE 857 


is, of course, open to the objection that we 
describe the developmental process with 
reference to its end, which we are able to 
observe, while the end of the phylogenetic 
process does not yet appear. Finally, the 
sequence in which structural systems make 
their appearance in ontogeny corresponds 
to the relations which they exhibit in the 
adult. In general we actually see, in the 
embryo, cells building up tissues, tissues 
building up subsidiary organs, and these 
uniting to form successively higher organic 
complexes. Were the sequence otherwise, 
we might well doubt if our conception of 
organizations of various grades, one sub- 
ordinated to another, had any real value. 

When, therefore, we attempt to liken a 
tissue to a species, the comparison soon 
becomes forced. It is quite clear that the 
tissue is a real thing, a definite configura- 
tion of matter, exhibiting certain physical 
and physiological properties which can 
only be regarded as the expression of a pre- 
cisely corresponding dynamic complex. 
The species, no less real, is a human con- 
cept. In view, then, of the known facts of 
adult structure and of ontogeny, and by 
comparison of these facts with what we 
know of phylogeny, we can hardly escape 
the conclusion that our conception of the 
individual as representing, in its entirety, 
the highest of a descending series of or- 
ganizations is, so far as it goes, a statement 
of biological truth. 


CONSEQUENCES 


Granting that this conception of the con- 
stitution of the individual organism repre- 
sents substantial reality, the problems 
therein presented to us are not rivaled in 
importance by any with which biology has 
to deal. The problems of heredity and 
evolution are intimately, inseparably, re- 
lated to this one of organization, for they, 
too, represent one aspect or another of the 
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fundamental problem of organic form. 
When we understand the dynamics of form 
in the individual organism, we shall be 
well on our way toward understanding 
how a certain form is repeated in a series 
of genetically related individuals, and how 
in phylogenetic history form may undergo 
change. Of supreme importance to us is a 
knowledge of the nature of our own organ- 
ization. It is perfectly clear to us that we 
ourselves are animals and that the attri- 
butes and powers which we possess are 
shared in greater or less measure by other 
living beings. ‘So far as form and organ- 
ization are concerned, we recognize other 
animals so nearly like ourselves that we 
include ourselves with them in the same 
sub-order of our scheme of classification. 
Whatever shall be found to be true regard- 
ing the nature of the organization of other 
organisms must inevitably be true of our 
own organization. The full realization of 
this truth must have for us a significance 
which it is now quite impossible to esti- 
mate. The intellectual value of so great 
an addition to our knowledge affords in 
itself sufficient motive and justification for 
the pursuit of that knowledge. Beyond 
this intellectual value lie utilitarian possi- 
bilities whose value exceeds conjecture. 

If we shall succeed in proving to our 
complete satisfaction that organization is 
the resultant effect of the action of auton- 
omous elements—that it is merely an ap- 
pearance presented to us by the results of 
the curious accidents of molecules—our 
attitude toward ourselves and toward the 
universe in general must, so far as we 
realize the full import of that view, be pro- 
foundly affected thereby. If any one ob- 
jects that this view, if true, is an unde- 
sirable truth and that we might better not 
know it, we can only reply with the faith 
that the truth can not hurt us, and in any 
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case science is bent upon having the truth 
at all costs. Indeed, if-this conception js 
carried to its logical conclusions, they who 
would prefer not to come into the knowl- 
edge of such truth can hardly help them. 
selves, for whether they know it or not lies 
hidden amongst the secrets of molecular 
accidents yet to happen. In the mechan- 
ically deterministic universe to which this 
view of organization naturally, almost in- 
evitably leads us—one in which our con- 
scious life becomes a meaningless, even if 
interesting, replica of an inexorable phys- 
ical concatenation—we may at least enjoy 
our freedom from responsibility for our 
own fate and the destiny of our race. 
Indeed, it may be permitted to us to hope 
that we are destined so to react within and 
upon the physical order that its psychic 
reflection shall come to contain less of pain 
and more of pleasure. 

That other conception of organization 
which attributes the harmonious action of 
a system to forces which dominate the be- 
havior of the members of the system ap- 
pears, at the outset, more inviting to us 
and richer in possibilities for us. If we 
shall succeed in demonstrating to ourselves 
the existence of such dominating organic 
energies, we at once meet further questions 
of far-reaching importance. There would, 
however, still be enough left in the un- 
known respecting organisms to provide ma- 
terial for speculative inquiry which might 
tend, as we have already intimated, in the 
direction of any one of a variety of philo- 
sophical attitudes. In fact, in the present 
state of our knowledge this theory of dom- 
inating energies may be made, if one so 
pleases, as rigidly and narrowly mechan- 
ical and as severely deterministic as any 
other. Upon the other hand, it freely 
opens the way to the more flexible and 
more generous universe demanded by him 
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whom I once heard William James desig- 
nate as the ‘‘soft-minded man,’’ in distine- 
tion to the ‘‘hard-minded’’ person of ma- 
terialistie tendencies. The biologist, or bio- 
physicist, however, and in certain impor- 
tant aspects of the problem the psycholo- 
gist too, will press forward their investiga- 
tions of form-dominating energies with, 
we will hope, supreme disregard for philo- 
sophical consequences. 

With each ascending step in the series 
of organizations, the possible existence of 
a dominant factor becomes of greater sig- 
nificance. When we reach that highest 
level with which the biologist ordinarily 
has to deal, the organism as a whole, or the 
individual, we have to contemplate the 
existence of a dynamic agent which bears, 
to the form of the whole organism, some- 
what the same relation that higher nervous 


centers bear to the coordinated muscular 


activities of the body as a whole. How far 
in the descending series of organizations is 
any such dynamic factor of the whole di- 
rectly operative? Does it exert any direct 
influence upon lower units such as cells? 
What can be the nature of such energies? 
What is their relation to the energies with 
whose manifestations in the so-called inor- 
ganic realm we are inclined to feel our- 
selves somewhat more familiar? Do they 
endanger the integrity of that foundation 
rock of science, the principle of the conser- 
vation of energy? Finally, what is their 
relation to the conscious voluntary life of 
the individual ? 

When we trace the process of evolution 
in inverse order, everything organic ap- 
pears to converge into a primitive and 
simple bit of living substance. Can we es- 
cape the conclusion that the elements of 
every power and attribute possessed by the 
highest and most complex organism are in- 
herent in the simplest protoplasm? To 
this question no dogmatic answer, but at 
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best merely a statement of opinion, can be 
given. In simple unicellular organisms and 
also in individual cells of multicellular or- 
ganisms, the various operations involved in 
metabolism, in reproduction and in move- 
ment, are all carried on in one common 
protoplasmic body in which we ean discover 
no separate mechanisms or organs corres- 
ponding to the several functions. (The 
temporary organs of mitosis appear to take 
their origin, upon occasion, from this com- 
mon protoplasmic body.) Shall we not be 
obliged to credit the unicellular organism, 
at least—and if that, why not a leucocyte 
or a tissue cell too ?—with the possession of 
some elemental germs of consciousness and 
will? Or is it more reasonable to assume 
that these attributes of the living have been 
created de novo and injected into organisms 
at a more or less advanced stage of evolu- 
tion? If we admit the existence of some 
degree of consciousness and volitional ac- 
tion in a protoplasmic body in which there 
is not only no nervous structural mechan- 
ism, but in which all of the vital operations 
are carried on as functions of the whole 
and not as functions of localized separate 
mechanisms, we encounter the possibility 
that primitively all of the vital activities 
are equally linked with consciousness and 
will. If, now, there exists in this common 
protoplasmic mass a dynamic agent deter- 
mining form, how shall we exclude it from 
this same relation with consciousness and 
will? Or, to suggest what is, to the general 
biological mind, the remotest of psycho- 
physical possibilities, is this dynamic agent 
which organizes living substance identical 
with conscious will? To weave further 
this filmy tissue of possibilities, assume that 
primitively the determination of form, to- 
gether with all other vital or protoplasmic 
operations, was somehow linked with primi- 
tive volition. How, then, in the course of 
evolution has the control of form, together 
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with various other physiological opera- 
tions, come to be so far removed, as in our 
experience they seem to be, from the volun- 
tary life of the organism as a whole? Is it 
conceivable that in the full light of know- 
ledge of the nature of organization we might 
acquire some degree of conscious and vol- 
untary control, either direct or indirect, 
over these organizing and form-dominating 
energies? Herein, surely, would lie a most 
potent factor in the further evolution and 
destiny of our own race. 

The contemplation of the imaginable con- 
sequences of this idea of dominant organiz- 
ing energies overwhelms us beneath an 
avalanche of questions, of whose asking the 
only justification lies in the fact that they 
are properly biological questions for which 
biology at present has no answer. Certain 
of these questions may seem to carry us be- 
yond the world of possibilities and into the 
misty realm of dreams. Yet, does not what 
we dream become possible even in the 
dreaming? 

Hersert W. RAND 

HARVARD UNIVERSITY 


THE BEQUESTS OF THE LATE 
MORRIS LOEB 


By the will of the late Morris Loeb, form- 
erly professor of chemistry at New York Uni- 
versity, large bequests are made to educa- 
tional, scientific and charitable institutions. 
Subject to the life interest of Mrs. Loeb, $500,- 
000 is bequeathed to Harvard University for 
the advancement of physics and chemistry. 
Twenty-five thousand dollars are bequeathed 
to the American Chemical Society for the es- 
tablishment of a type museum of chemicals, to 
be established in the Chemists’ Club of New 
York City, the U. S. National Museura or the 
American Museum of. Natural History, and 
$2,500 is bequeathed to the National Academy 
of Sciences. His stock in the company own- 
ing the Chemists’ Club is bequeathed to the 
company. Fifty thousand dollars are be- 
queathed to the Hebrew Technical Institute 
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and $250,000 to the Solomon Betty Memoria] 
Home for Convalescence. The residuary es- 
tate, subject to Mrs. Loeb’s life interest, is to 
be equally divided among the Smithsonian 
Institution at Washington and the following 
New York institutions: The American My- 
seum of Natural History, the Metropolitan 
Museum of Art, Cooper Union, the Hebrew 
Technical Institute, the New York Founda- 
tion, the Jewish Protectory and Aid Society, 
the Hebrew Charities Building and the Edu- 
cational Alliance. The Smithsonian Institu- 
tion receives its bequest to further the exact 
sciences. The American Museum of Natural 
History is to get a collection for the illustra- 
tion of the industrial use of natural products 
in ancient and modern times. The Metropoli- 
tan Museum of Art is to purchase and ex- 
hibit objects illustrating the development of 
artistic handicraft in Europe and America. 
Cooper Union is to endow a professorship. 
The Hebrew Technical Institute is to establish 
technical courses for mechanics. The Jewish 
Protectory and Aid Society bequest is for the 
relief of employees. The Hebrew Charities 
Building is to use the money to establish a 
library and to reduce the rent for the chari- 
table societies occupying the building. The 
Educational Alliance is to devote the gift to 
work among women and children. 


SCIENTIFIC NOTES AND NEWS 
Dr. Cart L. ALSBERG, chemical biologist of 
the Bureau of Plant Industry, has been ap- 
pointed chief of the Bureau of Chemistry in 
succession to Dr. Harvey W. Wiley. 


Mr. W. H. Fox, of Philadelphia, a student 
of art, has been appointed curator in chief of 
the Brooklyn Museum to fill the vacancy 
caused by the resignation of Dr. Frederic A. 
Lucas, to accept the directorship of the Ameri- 
can Museum of Natural History. 


THE anniversary meeting and dinner of the 
Royal Society was held on November 30. Sir 
Archibald Geikie made the annual address. 
At the dinner toasts were proposed by Sir 
Rickman Goldee, president of the Royal Col- 
lege of Surgeons, by Prince Lichnowsky, the 
German ambassador, and by Professor Elie 
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Metchnikoff. Sir Archibald Geikie spoke as 
follows in regard to the award of the Bu- 
chanan medal: “ This medal is awarded every 
five years in recognition of distinguished serv- 
ices to hygienie science or practise in the di- 
rection either of original research or of pro- 
fessional, administrative, or constructive 
work, without limit of nationality or sex. It 
has this year been adjudged to Colonel Wil- 
liam Crawford Gorgas, for his remarkable 
services under the American government, in 
combating the terrible scourge of yellow fever. 
As chief sanitary officer at Havana, Cuba, he 
there for the first time applied those sanitary 
methods by which the yellow fever was almost 
entirely eradicated from the place. This 
marked success led to his being entrusted in 
1904 with a similar but greater task in the 
Panama Canal zone, where the same disease 
was rampant, and where he is still engaged. 
His suecess in that region has been not less 
conspicuous.” 


Tue Nobel prizes were presented by the 
King of Sweden at a banquet in Stockholm on 
December 10, when those to whom awards had 
been made were present, including Dr. Alexis 
Carrel, of the Rockefeller Institute, New 
York City. 


Tue American Society of Naturalists will 
hold its annual dinner at the Colonial Hotel, 
Cleveland, on the evening of January 2, when 
the presidential address will be given by Pro- 
fessor E. G. Conklin, of Princeton Univer- 
sity, on “ Heredity and responsibility.” Mem- 
bers of other scientific societies are invited to 
be present and may obtain tickets at a cost of 
two dollars from the secretary of the society. 


Dr. Franz Prarr has resigned from the 
chair of pharmacology and therapeutics in the 
Harvard Medical School. He plans a visit to 
California and Honolulu. 


Mr. T. Francois Connouiy, of the Solar 
Physics Observatory, South Kensington, has 
been appointed an assistant-inspector of scien- 
tifie supplies at the India Stores Department, 
Lambeth. 


On November 29 Mr. Edgar A. Smith, 
assistant-keeper in the zoological department 
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of the Natural History Museum, was, in view 
of his approaching retirement, presented by 
the director, Dr. L. Fletcher, F.R.S., on behalf 
of the subscribers, including many of his col- 
leagues and other friends, with silver plate 
and other objects. 


THE special board for biology and geology 
of Cambridge University has adjudged the 
Walsingham Medal for 1912 to Mr. Edgar 
Douglas Adrian, B.A., Trinity, for his essay 
entitled, “On the transmission of subnormal 
disturbances in normal and in incompletely 
recovered nerve.” 

Proressor Francis E. Lioyp, of MeGill 
University, has been elected a corresponding 
member of the Centro de Sciencias, Letras, 
e Artes, Campinas, 8S. Paulo, Brazil, especially 
in recognition of his work on the desert rub- 
ber plant, guayule. 

Mr. J. T. Saunpers, last year demonstrator 
in invertebrate embryology in the University 
of Toronto, has been elected to a fellowship 
at Christ’s College, Cambridge. 

Mr. N. Cunuirre, B.A., Trinity, has been 
appointed to the research studentship in med- 
ical entomology at Cambridge University. 

Dr. THeopore Lyman, of Harvard Univer- 
sity, and Mr. N. K. Hollister, of the division 
of mammals of the U. S. National Museum, 
have returned from an expedition to the Altai 
Mountains, Siberia and Mongolia, with a 
large collection of mammals, which will be 
divided between the U. S. National Museum 
and the Museum of Comparative Zoology of 
Harvard University. 

Tue “Elements of Physical Chemistry ” 
(fourth edition) by Dr. Harry C. Jones, pro- 
fessor of physical chemistry at the Johns 
Hopkins University, has been translated into 
Russian and Italian. 

Dr. Harvey W. Witey lectured at the Uni- 
versity of Illinois on December 7, and was 
entertained at dinner by Phi Lambda Upsilon, 
the honorary chemical fraternity. 

Proressor Water S. Tower, of the Uni- 
versity of Chicago, has lectured before the 
Geographical Society of Chicago, on “ A Jour- 
ney through Argentina.” 


at 
. 
k > 
| 
Sb 
as 
ti 
wy 
of 
4 
| 
{ 
“og 
if 


862 SCIENCE 


Joseph H. James, professor of chemical 
engineering in the Carnegie Institute of 
Technology, Pittsburgh, delivered the address 
at the annual meeting of the Columbus Sec- 
tion of the American Chemical Society on 
the subject, “ Acetylene Gas, its manufacture, 
transportation and storage.” 

Proressor Wittiam T. Sepewicn, of the 
Massachusetts Institute of Technology, lec- 
tured on December 11 in the Barnum Mu- 
seum, Tufts College, on “Sanitary Biology.” 

Dr. Joun M. Macrariane, professor of bot- 
any in the University of Pennsylvania, deliv- 
ered a lecture on December 9, before the Nat- 
ural History Society of Wilmington, Del., on 
“Evident and Hidden Flowers and Plants.” 

Proressor LIGHTNER WITMER, of the psy- 
chological department of the University of 
Pennsylvania, addressed the Brooklyn Train- 
ing School for Teachers on December 2, on 
the treatment of gifted children in the schools 
and the Montessori system. 

On November 25 Professor Hugo de Vries, 
of Amsterdam, lectured at Rutgers College on 
“A New Conception of the Evolution The- 
ory.” On the same day Dr. Charles P. Berkey 
spoke before the New Jersey State Microscop- 
ical Society on “ Geology and Engineering in 
the Catskill Aqueduct.” 

Tue Royal Society of Edinburgh proposes 
to commemorate in 1914 the tercentenary of 
the announcement of the discovery of loga- 
rithms by John Napier. 

Georce Howarp Darwin, Plumian pro- 
fessor of astronomy and experimental philos- 
ophy at Cambridge University, distinguished 
for his contributions to our knowledge of the 
tides and kindred phenomena, has died at the 
age of sixty-seven years. 

Tue death is announced, in his seventy- 
ninth year, of Sir Charles Whitehead, a 
British authority on agriculture. 

Proressor WILHELM FiepLerR died in Ziirich 
on November 19 at the age of eighty-one 
years. Professor Fiedler is known by his 
investigations in descriptive geometry in con- 
nection with the geometry of position. He 
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also published German translations of a num.- 
ber of Salmon’s works on higher geometry. 


Mr. L. S. Camicta, of Valdez, Alaska, a 
jeweler and optician, died in May, 1919. He 
was a Swiss, largely self-educated and inten- 
sely interested in nature. From 1898 to 1919 
he visited the Valdez glacier once a year in 
the same month and accurately measured its 
retreat. He is the only resident of Alaska who 
is known to have maintained annual observa- 
tions of the behavior of a glacier. He also 
kept a continuous daily weather record for the 
fourteen years at his residence in Alaska, and 
a series of manuscript notes on times and 
durations of earthquakes at Valdez that checks 
well with the accurate seismograph records. 


Tue legislative council of Mauritius has 
voted £200 as a contribution towards the fund 
which is being raised for the London School 
of Tropical Medicine. The fund has now 
reached £50,000. 


Tue alumni of the University of Minnesota 
living in Washington have been planning for 
the past two years to present the university 
with ground for a marine biological laboratory 
and station in the state of Washington and 
have now made a formal offer to the regents 
of ten acres on Cypress Island, one of the San 
Juan group, about fifty-five miles directly 
north of Seattle. The island is about four 
and a half miles long and nearly two miles 
wide. There is a freshwater lake and a fine 
spring. This particular tract of ground was 
chosen, after a very thorough survey of the 
country, in order to secure the very best pos- 
sible location for such a station. The alumni 
propose to present this ten-acre tract to the 
university, and to erect a building or build- 
ings suitable for the use of the station. They 
also offer to provide any minor additions that 
the university may require and will support 
two or three, or possibly more, scholarships. 


In the Proceedings of the American Acad- 
emy of Arts and Sciences, Volume 48, Num- 
ber 11, pp. 389-507, November, 1912, Professors 
Edwin B. Wilson and Gilbert N. Lewis have 
published a long and systematic account of 
the theory of relativity under the title, “ The 
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Space-time Manifold of Relativity. The 
Non-Euclidean Geometry of Mechanics and 
Electromagnetics.” The paper contains an 
elementary account of the non-Euclidean 
geometry which lies at the basis of any real 
treatment of relativity free from imaginaries. 
The vector analysis germane to this geometry 
is developed from the start, and is not only in- 
teresting for its applications to the subject at 
hand, but instructive as an example of non- 
Euclidean vector analysis. A place of funda- 
mental importance is given to the singular or 
minimal elements of the space, that is, to lines 
of zero length, planes of zero area, and so on. 
By this means radiant energy and momentum 
may be treated with great simplicity and 
power. In particular the questions of the con- 
tinuous and discontinuous in physics may be 
discussed from an illuminating point of view. 
The methods adopted make it possible to de- 
velop the formulas connected with the elec- 
tron, whether considered as a point charge or 
as continuously distributed, without any ap- 
proximations, in particular without the com- 
mon concept of “ quasi-stationary ”’ motion. 
Like all the papers appearing in the Proceed- 
ings of the Academy this memoir is published 
separately in paper covers and may be pur- 
chased separately directly from the American 
Academy, 28 Newbury Street, Boston. 


Tue high commissioner for Australia has, 
as we learn from Nature, received official in- 
formation of the arrangements that are being 
made for the visit of the British Association 
to Australia in 1914. <A federal council has 
been formed, under the patronage of the gov- 
ernor-general, with the prime minister as 
chairman. The members of the association 
will arrive at Fremantle on August 4, Ade- 
laide August 8, Melbourne August 13, Sydney 
August 20 and Brisbane August 27, and those 
returning home by the shortest route will reach 
London on October 11. The Commonwealth 
has granted £15,000 to be handed to the Brit- 
ish Association to cover the passages of not 
fewer than 150 official representatives, includ- 
ing selected Dominion and foreign men of 
science. Dr. Rivett has been appointed or- 
ganizing secretary, and will visit London next 
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year. The governments of the several states 
offer special facilities for prolonged visits of 
men of science interested in special problems 
in Australia. 


ANTHRACITE coal was at one time an impor- 
tant factor in blast-furnace practise, but its 
use in that line of industry has now almost 
entirely ceased, according to E. W. Parker, 
of the United States Geological Survey, as it 
has been supplanted by coke made from bitu- 
minous coal. The principal demand for an- 
thracite will be in the future, as it has been 
in the more recent past, restricted largely to 
domestic trade, for which such sizes as fur- 
nace, egg, stove and chestnut are required. 
The breaking down of the lump coal, which 
was formerly a marketable product, for the 
preparation of the domestic sizes results in a 
much larger proportion of the. small or unde- 
sirable sizes, all of which are sold at less than 
the cost of production. All the profits on the 
mining operations must be obtained from the 
prepared domestic sizes, for the revenue ob- 


tained from the smaller sizes, which are sold | 


largely in competition with bituminous coal 
for steaming purposes, serves only to reduce 
the cost of the domestic sizes. The conditions 
under which the anthracite mines are oper- 
ated, the greater depths to which the workings 
are carried, the consequent increased expense 
of mining and the increasing cost of labor all 
contribute to make anthracite fuel more and 
more a luxury. During recent years the 
anthracite operators have adopted the policy of 
making an allowance of 50 cents per ton from 
circular prices for domestic coal purchased in 
April of each year, with an advance of ten 
cents per ton for each succeeding month until 
the schedule prices are restored in September. 
This has had a more salutary effect in steady- 
ing the anthracite trade than any other action 
taken by those controlling the anthracite in- 
dustry. Its purpose is to encourage the pur- 
chase of coal in the spring and early summer, 
making the cellars of the consumers the 
storage places for the following winter, and 
at the same time to cause the mines to be 
operated more regularly, thus giving steadier 
employment to employees throughout the year. 
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UNIVERSITY AND EDUCATIONAL NEWS 


Mrs. A. D. Jumuarp, of New York, has 
given $100,000 to Colorado College for a new 
gymnasium as a memorial to her father, the 
late Frederick H. Cossitt. 


Firrty thousand dollars have been be- 
queathed to the University of Pennsylvania, 
for two additional dormitory houses, by the 
late Dr. Richard A. Cleeman, as a memorial 
to his brother, Ludovie C. Cleeman. 

Tue Rhode Island State Board of Educa- 
tion has awarded at Brown University schol- 
arships, under the new law providing for an 
annual appropriation of $5,000. The recipi- 
ents of these scholarships number twenty-two, 
and each is required to make declaration of 
an intention to follow teaching as a vocation 
and to give a promise of serving the state as a 
teacher, pringjpal or superintendent for at 
least two years. 

Sr. Joun’s Coiuece has offered £500 as a 
contribution to the equipment of the Solar 
Physics Observatory on its installation in 
Cambridge. 

Proressor Lewis Perry, who holds the chair 
of English at Williams College, has been of- 
fered the presidency of Wells College, Aurora, 

Mr. W. B. Harpy, M.A., Gonville and 
Caius, has been appointed university lecturer 
in physiology at Cambridge University. 


DISCUSSION AND CORRESPONDENCE 


ON ORTMANN’s “ NOTES UPON THE FAMILIES AND 
GENERA OF THE NAJADES ” 

For the malacologist struggling along with 
the current unnatural and erratic classifica- 
tion of the “river-mussels,”’ Ortmann’s 
“ Notes upon the Families and Genera of the 
Najades ”* clears up many difficulties. While 
it has long been admitted that the only key to 
the natural genera lay in the differentiation of 
the soft parts, it has remained for this author 
within the last two years® to break the tram- 
mels of convention and indicate the funda- 
mental points of Naiad classification. 

* Ann, Carnegie Mus., XIII., No. 2, July, 1912. 

***A New System of the Unionide,’’ Nautilus, 
XXIII, 1910, pp. 39-42. 
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At the outset Ortmann calls attention to 
the difficulty of correlating the characters of 
the shell with the relationships as indicated 
by the anatomy and mentions the occurrence 
of analogous types in unrelated species. In 
the current number of the Proceedings of the 
Malacological Society of London the writer 
has discussed this problem with the view of 
showing that in the more primitive forms the 
shells were ponderous, subquadrate and _pos- 
sessed a well-developed hinge, while in the 
more specialized forms the shells are com- 
paratively thin, posteriorly elongate, the hinge 
tending to become edentate. It has happened 
in several instances, however, that the degen- 
eration of the hinge has not proceeded pari 
passu with the specialization of the anatomy, 
but has been accelerated or retarded. 

The peculiar structure of the gill of the 
Margaritanide is discussed in some detail. 
In the writer’s opinion the oblique arrange- 
ment of the synapticule connecting the two 
lamellz is not to be correlated with the water 
tubes of the more specialized Naiad gill, but is 
merely an incidental feature. Ortmann states 
that the gills are without septa, but his draw- 
ings show them in rudimentary form. They 
are, however, only united at infrequent inter- 
vals, due to a tendency for one or more of the 
faint but regular bead-like papille scattered 
along their length to develop sufficiently to 
fuse with its neighbor on the opposite plate, 
forming one of the scattered interlamellar 
tissues described. A more extensive fusion of 
the papillae would result in the structure oc- 
curring in Hyria. 

The family Unionide, as admitted, might 
with considerable propriety be broken up into 
several natural groups. The Lampsiline are 
not at all closely allied to the other genera and 
seem fully entitled to family rank. The group 
represented by Quadrula and that by Pleuro- 
bema and Elliptio are allied and should be 
placed in the Quadrulide (Quadruline Von 
Thring) though the two latter genera might be 
regarded as forming a distinct subfamily 
owing to the restriction of the brood-pouch to 
the outer gills. The European Unionine are 
more closely related to the Anodontine and to 
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these two groups the term Unionide ought to 
be confined. The Asiatic Parresia and Lamel- 
lidens are not known to the writer but it 
would seem that they were derived from a dif- 
ferent Margaritanoid stock and may form a 
family by themselves. Omitting these the 
general grouping adopted by the writer is as 
follows: 

Superfamily Unionoidee. 

Family Margaritanide Ortmann, 1910. 
Family Hyriide Swainson, 1840 (emend.). 
Subfamily Hyriine s. s. 
?Subfamily Muteline Gray, 1847. 
Family Quadrulide Von Ihring, 1901. 
Subfamily Quadruline s. s. 
Subfamily Pleurobemine Hannibal, 1912. 
Family Unionide Swainson, 1840. 
Subfamily Unionide s. s. 
Subfamily Anodontinze Swainson, 1840. 
Family Lampsilide Von Ihring, 1901. 
Subfamily Lampsiline s. s. 
Subfamily Propterine Hannibal, 1912. 

Symphynota and Anodonta in the sense 
used by Ortmann are probably composite gen- 
era due to an analogous degeneration of the 
hinge in several allied stocks. “ Anodonta” 
imbecillis appears to group with S. compressa 
in Symphynota though perhaps entitled to 
subgenerie distinction. complanata is 
rather allied to “ Anodonta” cataracta and its 
subspecies grandis. Neither of these are 
Anodontas in the true sense of the word, for 
that group like Unio and Migranaja belongs 
to the Old World and the west coast of North 
America. The complanata-cataracta group 
might take the name Pterosygna Raf. (type 
Alasmodonta complanata Barnes) if that name 
is available. A. costata probably belongs here 
also but seems a rather aberrant member. 

The writer would be inclined to give Carun- 
culina and Micromya generic rank as distinct 
from Eurynia. 

Considering the fact that Dr. Ortmann has 
had to deal with a group in which the nomen- 
clature of the genera has been very imperfectly 
worked out and the wealth of nominal species 
and varieties compared with those which may 
be ultimately recognized as valid is amazing, 
he is certainly to be congratulated for the care 
he has taken in presenting clearly a large mass 
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of facts without falling into any serious nom- 
enclatural pitfalls. 
Harotp HANNIBAL 
STANFORD UNIVERSITY, CAL., 
August 3, 1912 


SOME REMARKABLE DISCOVERIES REGARDING A 
COMMON HOUSEHOLD INSECT 


Tue literature of the nature-study move- 
ment abounds in remarkable statements re- 
garding the morphology, development and 
biology of bird, beast and fowl, but scientific 
men have hesitated to discard the older the- 
ories in favor of unsupported statements from 
such sources. The public can hardly be ex- 
pected to be so suspicious of the publications 
of the United States Public Health Service 
and it would seem that some of the many 
astounding facts recently disclosed regarding 
the common bed-bug should receive wider cur- 
rency than is assured by their publication in 
Public Health Reports, for November 15, 1912, 
pp. 1854-1856. 

The early history of this pest is shrouded in 
mystery, but we are informed that it is not at 
all improbable that when our arboreal fore- 
bears forsook tree-top for caves they took this 
little six-legged pest with them. 


This seems to be more likely because the English 
sparrows and the swallow harbor a very similar 
species, and not infrequently their nests are 
crowded with these vermin. 

The biting apparatus of this parasite is quite 
elaborate, and consists of several parts. In biting, 
the bug anchors itself to the skin with a couple of 
hooks called mandibles, and then inserts the max- 
ille, which are shaped like two gutters, the con- 
eave surfaces of which look towards each other. 

Normally it feeds upon human blood, but lack- 
ing this it will live upon decaying wood or the 
dust in floor cracks. 

The eggs are somewhat rounded, white objects, 
and are laid in collections in crevices or other 
suitable places. In about a week or ten days after 
they are laid the eggs hatch out as little worms, 
called larve; these are yellowish white in color at 
first but later become almost brown. They feed 
and go into a resting state, from which they 
emerge as pup; they then shed their skins five 
times and at last become full grown adults. 
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To illustrate its activity in its search for 
food 
may be quoted the story of the ingenious traveler 
who, in order to keep bed-bugs out of his bed, set 
the legs of the bedstead in pans of water, where- 
upon the bed-bugs climbed the walls, got out on 
the ceiling over the bed and dropped down upon 
the victim. In order to thwart his enemies the 
traveler was obliged to raise his umbrella. 

As this is not marked as a joke, and is no 
more so than the other statements, we may 
expect to see it quoted as from good authority. 

Much important information regarding the 
bed-bug has been published by the Bureau of 
Entomology, and one is surprised that so 
many interesting and valuable facts should 
have escaped the attention of Dr. Howard and 
Dr. Marlatt and their capable assistants. It 
is regrettable that the information contained 
in the article before us was not shared with 
them before it was printed in a government 
periodical, which the public is entitled to re- 
gard as authoritative. Wm. A. Ritey 


SCIENTIFIC BOOKS 


A Manual Flora of Egypt. By Dr. Reno 
Muscuter, Assistant in the Royal Botanic 
Gardens, Dahlem-Berlin; Corresponding 
Member of the “ Institut Egyptien,” and 
others. With a preface by Professor Pavun 
Ascuerson and Professor Geora SCHWEIN- 
FurTH. Berlin, R. Friedlander & Sohn. 
1912. Octavo, in two volumes. Pp. 12+ 
1312. 

The author tells us that “the history of 
botanical discovery in Egypt falls conveniently 
into two periods.” These chronologically are 
(1) from 1761 to 1867, and (2) from 1867 to 
the present. In the earlier period we have 
Forskal’s “ Flora Aegyptiaco-Arabica ” (1775), 
Delile’s “Flore d’Egypt” (1813), Baker- 
Webb’s “Fragmenta Florulae Aethiopico- 
Aegyptiacae ” (1854), and in the later period, 
Schweinfurth’s “ Beitraege zur Flora Aethi- 
opiens” (1867), Ascherson and Schwein- 
furth’s “Illustration de la Flore d’Egypt” 
(1887), Volkens’s “ Die Flora der Aegyptish- 
Arabischen Wiiste auf Grundlage anatomisch- 
physiologischer Forschungen ” (1887), Sicken- 
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berger’s “ Contributions a la Flore d’Egypt” 
(1908). To this list, of course, should be 
added Boissier’s “Flora Orientalis” (1967- 
1888), covering a vastly larger field than 
Egypt. 

The present work is the outgrowth of the 
labors of Ascherson and Schweinfurth, who 
“for some time already had decided upon the 
publication of a more adequate work dealing 
entirely with the Egyptian flora, but, owing to 
a great many more urgent tasks which took 
up all our time, we had to put off the realiza- 
tion of this plan from one year to another.” 
Accordingly the labor of preparing the present 
work was entrusted to Dr. Muschler, who had 
at his disposal “the most extensive and best 
arranged collections ever made in Egypt.” 

In a chapter on Phytogeography and Geol- 
ogy in the appendix Egypt is divided into 
five regions, as follows: (I.) the Mediter- 
ranean Region, including the extreme north- 
ern area; (II.) the Nile-Delta Region, in- 
cluding the Delta proper at the north, and 
the Nile valley to Aswan near the Nubian 
frontier; (III.) the Oases of the Lybian Des- 
ert; (IV.) the Desert Region, including the 
Lybian, Isthmic, Northern and Southern 
Arabian deserts; (V.) the Red Sea Region. 
In the treatment of these regions many inter- 
esting botanical facts are brought out in con- 
nection with a discussion of their geological 
and physiographical features. 

We may well quote several paragraphs in 
regard to the Desert Region: 


The desert is characterized by a vegetation of 
fairly uniform character in its main features. 
The means whereby the existence of these desert 
plants is preserved reside rather in the peculiari- 
ties of their organization than in any specially 
favoring influences of the environment. The most 
prominent feature of this organization is the ca- 
pacity which the vegetative organs have acquired 
to resist factors so inimical to life as heat and 
drought, factors whose common tendency is to 
annihilate all living things. Though the minute 
details of these multifarious protective arrange 
ments are not visible to the naked eye, they find 
obvious expression in the external conformation 
of the various organs of the plants. Thin-stemmed 
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plants of delicate appearance have tubers or tuber- 
ous roots (Erodium hirtum and Erodium arbor- 
escens) sunk deep in the strong ground for the 
storing of reserves of nutriment adequate to main- 
tain them alive through long months of absolute 
drought. The same end is gained in other delicate 
herbs by the possession of an enlarged woody basal 
portion. Then again, the tendency to general lig- 
nification through all the parts of the plants 
affords a capacity for resistance to many mem- 
bers of the families Cruciferae and Compositae, 
families known to us at home by their herbaceous, 
unprotected representatives. To restrict evapora- 
tion due to wind and solar radiation the desert 
flora exhibits a high degree of reduction in the 
surface area of its members. This principle is 
illustrated in numerous instances by poverty of 
foliage and considerable spininess, whilst in appar- 
ent contradiction of this tendency one often finds 
the surface of the plant clad in a hairy covering 
or with glands and superficial excretions of wax 
or resin or strongly aromatic substances. . . . 
Further we find plants with smooth or shiny, thick 
and fleshy, leaves. Nature does not work on one 
plane, but provides for every case special means 
of protection and fresh weapons to carry on the 
struggle. Side by side with the thorn-bristling 
Zilla spinosa we find the thick-leaved, wax-coated 
Capparis spinosa, whilst near by are the hedgehog- 
like Astragalus and Fagonia, and the soft, fleshy, 
fiberless Mesembrianthemum. In marked contrast, 
too, are the Chenopodiaceae, a similar almost leaf- 
less everlasting-woody throughout, and one would 
think indestructible—and the delicate Parietaria 
with its thin and battist-like foliage. Among the 
life-destroying agencies of the desert, the omni- 
present salt should be mentioned. 

Perennial plants are just about half as numerous 
as the delicate annuals, Their existence is inde- 
pendent of the fluctuating and variable annual 
winter rains. They shoot anew and blossom even 
after a rainless or all but rainless winter. In 
marked contrast are the annual herbs which de- 
pend absolutely upon the rainfall; nor is all rain 
of equal value in promoting their development. 
For a rich spring vegetation of annuals, the rain 
should fall about the end of February and the 
early part of March, at which time the growing 
heat of the sun is capable of promoting germina- 
tion. Trees are hardly met with in the district. 

As to the plants themselves, this flora pre- 
sents some odd features. Thus we find only 
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one true fern (Adiantum capillus-veneris), and 
the only gymnosperms are two species of 
Ephedra. The grasses (Gramineae), legumes 
(Leguminosae) and composites (Compositae) 
are the larger families, there being 152 species 
of the first, and 175 of the second, and 188 of 
the third. The larger genera in these fam- 
ilies are Panicum (14 sp.), Aristida (14), 
Eragrostis (9), Bromus (10), Trigonella (12), 
Medicago (16), Trifolium (15), Lotus (14), 
Astragalus (28), Anthemis (10), Centaurea 
(16). Of Carex there are only 3 species, and 
there are no orchids. Of Rosaceae there are 
5 species, in as many genera. There is but 
one species of Hricaceae. There is no species 
of Solidago, nor even of Taraxacum. 

The tree-producing genera with which we 
are familiar are mostly wanting, as Quercus, 
Fagus, Acer, Ulmus, Fraxinus, which are not 
represented, while Salix has 3 species, and 
Populus 1. Yet Egypt is not lacking in tree 
species, as witness the following list of genera, 
each represented by one species unless other- 
wise indicated: Phoenix, Cocos, Hyphaene, 
Morus, Ficus (3), Acacia (6), Melia, Pistacia, 
Mangifera, Zizyphus (2), Rhamnus, Sterculia, 
Tamarix (6), Carica, Elaeagnus, Eucalyptus, 
Olea, Plumiera, Nerium. Many readers will 
be surprised to learn that Ricinus communis 
(the castor bean) is “an evergreen, usually 
large shrub.” 

The foregoing will give some idea as to the 
interesting matter to be found in this impor- 
tant addition to systematic and ecologic 
botany. Cuar.es E, Bessey 

THE UNIVERSITY OF NEBRASKA 


Gas-Engine Principles. With Explanations 
of the Operation, Parts, Installation Hand- 
ling, Care and Maintenance of the Small 
Stationary and Marine Engine, and Chap- 
ters on the Effect, Location, Remedy and 
Prevention of Engine Troubles. By Ropcer 
B. Wuirman. Published by D. Appleton 
and Company, New York and London. 
1912. 

As stated on the paper cover, “‘ Gas-En- 
gine Principles’ is a guide for the user of the 
small stationary internal-combustion engine. 
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The first chapters explain the principle of 
operation of the gas engine, and describe in 
detail the various constructions that are em- 
ployed in the engines on the market. The re- 
mainder of the book is given up to practical 
explanations of the setting up of a new engine, 
the economical operation of engines, engine 
care and maintenance, and explanations of 
the troubles to which engines are subject, to- 
gether with their remedy and prevention. 
The book is written with the greatest possible 
simplicity of expression. The illustrations are 
especially prepared line drawings made by the 
author, each one specifically illustrating some 
particular point of construction.” 

The book is well written and admirably cov- 
ers the ground claimed for it, though at times 
at the expense of scientific accuracy. It 
should not only prove an excellent guide to 
the amateur and the operator of small sta- 
tionary plants, but it will be found extremely 
useful to those more scientifically inclined, as 
it supplies numerous details of construction 
and methods of operation that can not be given 
space in a scientific work, such as the details 
of carbureters, ignition systems and spark 
plugs. 

In attempting to explain electrical and 
thermodynamic phenomena, the author at 
times uses illustrations that would not stand 
the test of scientific accuracy and that would 
be misleading to those who had no further 
knowledge of the subject. In the first chapter 
he repeatedly speaks of converting water into 
a gas and gasoline into a vapor. If the term 
“vapor” could be understood by the reader in 
one case there should be no difficulty about it 
in the other. In comparing the relative effi- 
ciency of gas and steam engines, he states on 
page 6 that: “ When a fire is built under a 
boiler only a small part of the heat is actually 
applied to heating the water, for most of it 
passes up the chimney or is otherwise wasted.” 
The author evidently confuses the chimney 
wastes with the exhaust wastes. Boiler effi- 
ciencies of 70 per cent. are not uncommon. 

On page 10, the statement, “ The compres- 
sion of the charge turns any liquid gasoline to 
vapor” might be open to question. 
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The most serious misconception that the 
reader might gain is that electricity is a sub- 
stance like water or air and that there is an 
unlimited store of electricity in all substances 
which only has to be set in motion to do work. 
This is certainly contrary to the ordinary con- 
ception of electrical energy and could only be 
defended by resorting to the electron theory, 
which would be beyond the scope of the work. 
The author regards a dynamo as a machine 
for setting electricity in motion. 

In describing the principle of action of the 
Bosch high-tension magneto, when the cur- 
rent in the primary coil is broken, the author 
states, on page 145, that “ The sudden rush of 
intense primary current into the secondary 
winding raises sufficient pressure to enable 
the current to jump across the spark plug 
gap,” ignoring the real cause for the induced 
current in the secondary. This action was 
probably inferred because the diagram shows 
the secondary winding to be in series with 
the primary, for in describing other types, 
where the windlings are separated, he cor- 
rectly assumes the high-tension current in the 
secondary to be caused by the rapidly dying 
magnetism or change of magnetic flux in the 
iron core. 


C. R. Jones 
WEST VIRGINIA UNIVERSITY 


SCIENTIFIC JOURNALS AND ARTICLES 


Tue closing (October) number of volume 
13 of the Transactions of the American 
Mathematical Society contains the following 
papers: 

W. A. Hurwitz: ‘‘On the pseudo-resolvent to 
the kernel of an integral equation.’’ 

G. A. Miller: ‘‘Infinite systems of indivisible 
groups.’? 

J. K. Lamond: ‘‘Improper multiple integrals 
over iterable fields.’’ 

T. H. Gronwall: ‘‘On a theorem of Fejér and 
an analogon to Gibbs’s phenomenon. ’’ 

W. H. Roever: ‘‘The southerly and easterly 
deviations of falling bodies for an unsymmetric 
gravitational field of force.’’ 

Dunham Jackson: ‘‘On approximation by trig- 
onometrie sums and polynomials.’’ 
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Also notes and errata to volumes 7 and 13. 


Tue opening (October) number of volume 
19 of the Bulletin of the American Mathe- 
matical Society contains: “Surfaces of 
revolution of minimum resistance,” by E. J. 
Miles; “Shorter Notices ”: Riquier’s Les Sys- 
tames d’Equations aux Dérivées partielles, by 
Edward Kasner; Study’s Ebene analytische 
Kurven und zu ihnen gehérige Abbildungen, 
by Arnold Emch; Coffin’s Vector Analysis, 
by J. B. Shaw; Berichte und Mitteilungen 
der Internationalen mathematischen Unter- 
richtskommission and Auerbach und Rothe’s 
Taschenbuch fiir Mathematiker und Physiker, 
by E. W. Ponzer; Bonola-Carslaw’s Non- 
Euclidean Geometry, by Arthur Ranum; Bar- 
barin-Halsted’s Géométrie rationelle, by R. C. 
Archibald; Smith and Granville’s Elementary 
Analysis, by Jacob Westlund; Hawkes, Luby 
and Touton’s Second Course in Algebra, by 
J. V. MeKelvey; Jacob’s Calcul mécanique, 
by C. C. Grove; Schwahn’s Mathematische 
Theorie der astronomischen Finsternisse and 
Haret’s Mécanique sociale, by Kurt Laves; 
“ Notes,” and “ New Publications.” 

Tue November number of the Bulletin con- 
tains: Report of the nineteenth summer meet- 
ing of the society, by F. N. Cole; “A few 
theorems relating to Sylow subgroups,” by G. 
A. Miller; “ Theorems on functional equa- 
tions,” by A. R. Schweitzer; “ Double curves 
of surfaces projected from space of four di- 
mensions,” by S. Lefschetz; Review of South- 
all’s Geometrical Opties, by E. B. Wilson; 
“Shorter Notices”: Rogers-Salmon’s Analytic 
Geometry of Three Dimensions, by Virgil 
Snyder; Volume 3 of Picard’s edition of the 
Works of Charles Hermite, by James Pier- 
pont; Heiberg’s Naturwissenschaften und 
Mathematik im klassischen Altertum and 
Mannoury’s Methodologisches und Philoso- 
phisches zur Elementar-Mathematik, by D. E. 
Smith; Weber und Wellstein’s Encyklopiidie 
der Elementar-Mathematik, volume 3, part 1, 
and Korn’s Freie und erzwungene Schwing- 
ungen, by J. B. Shaw; Richard’s Assurance 
complémentaire de l’Assurance sur la Vie, by 
C. ©. Grove; Vahlen’s Konstructionen und 
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Approximationen, by E. W. Ponzer; “ Notes,” 
and “ New Publications.” 


Tue December number of the Bulletin con- 
tains: General report of the fifth interna- 
tional congress of mathematicians at Cam- 
bridge, by Virgil Snyder; Report of Section I 
of the Congress (arithmetic, algebra, an- 
alysis), by A. B. Frizell; “Shorter Notices ”: 
Boehm’s Elliptische Funktionen, Part 2, by 
L. W. Dowling; Darboux’s Eloges académ- 
iques et Discours, by G. A. Miller; Hedrick 
and Kellogg’s Applications of the Calculus to 
Mechanics, by D. C. Gillespie; “ Notes,” and 
“ New Publications.” 


CONDITION OF THE EARTH’S CRUST 


THE results of measurements of the force 
of gravity at various points on the earth, as 
well as the results of triangulation operations, 
were early recognized as indicating that the 
earth’s crust is in a condition of approximate 
equilibrium, to which the name “ isostasy ” 
has since been given. 

The development by Mr. Hayford of a new 
method of reduction of gravity observations, 
in which for the first time the effect of the 
topography of the whole earth has been taken 
into account, has furnished strong additional 
proof of the general fact that the condition of 
isostasy exists, that elevated regions, whether 
plains or mountains, are, so to speak, floated 
on the earth’s surface by reason of the lesser 
density of the underlying materials, and that 
ocean bottoms are depressed because of the 
greater density of the materials beneath. 

The question of how close is this adjust- 
ment, of how local is the compensation of sur- 
face irregularities, is of considerable interest. 
If the compensation is quite complete for 
each small topographic feature, so that a single 
mountain or hill or canyon is exactly com- 
pensated by a less dense or a more dense ma- 
terial beneath, the surface of the earth would 
in detail be in a condition of nearly perfect 
equilibrium, and would largely be free from 
stresses due to the supporting of topographic 
features; on the other hand if the compensa- 
tion is more general such features of moderate 
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extent would be supported by the partial 
rigidity of the earth’s outer materials. 

In a recent report’ Hayford and Bowie 
study the question of local versus general 
compensation by a comparison of the residuals, 
observed minus theoretical gravity, for 41 sta- 
tions in the United States, and 4 outside. The 
observations are reduced according to the new 
method in four different ways: first, with com- 
plete local compensation; second, regional 
compensation for a zone 19 kilometers (12 
miles) in radius; third, the same for radius 
of 59 kilometers (37 miles), and fourth, the 
same for radius of 167 kilometers (104 miles), 
this study having been made along these lines 
at the suggestion of the writer. In the last 
three reductions the surface layers are taken 
as rigid to the respective distances from the 
station, and it is assumed that there is a uni- 
form compensation of the area as a whole. 
In the last, for instance, an area of the earth’s 
surface of 167 kilometers radius is taken as 
being in general equilibrium with a uniform 
compensation beneath this area, but local 
irregularities as mountains or valleys within 
this area are assumed to be not locally com- 
pensated, but supported rigidly. 

The authors state that the resulting evidence 
“is necessarily slight and possibly inconclu- 
sive.” In a number of comments, however, it 
is indicated that the authors favor the idea 
that the results point to fairly close but not 
complete local compensation, and finally that 
“the evidence, slight as it necessarily is, indi- 
cates that the assumption of local compensa- 
tion is nearer the truth than the assumption 
of regional compensation uniformly distrib- 
uted to zone 18.8 kilometers.” 

' It is believed that a close scrutiny of the 
figures does not support this conclusion so far 
as evidence from these results is concerned. 
The differences in the mean of the residuals 
with the four different reductions are insig- 
nificant. The suggested advantage for local 
compensation is based (page 101) on small 
differences in the relative number of larger 
*«*The Effect of Topography and Isostatic Com- 


pensation wpon the Intensity of Gravity,’’ Coast 
and Geodetic Survey, 1912. 
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and smaller residuals with the respective 
methods. Along this line, however, it may be 
noted that of the 41 stations there are only 7 
where the local compensation anomaly is lower 
than any of the three regional, while there are 
24 where one of the three regional compensa- 
tion anomalies is lower than the local. Of the 
four outside stations three show anomalies in 
favor of regional compensation. In a later 
paper by Mr. Bowie under the same title 
(second paper) a general result is given of an 
extension of this study to 124 stations in the 
United States, and it is stated (page 22) that 
for all these stations “these mean anomalies 
give only negative evidence,” though from a 
portion of the data he draws a conclusion un- 
favorable to regional compensation to zone 167 
kilometers. 

It would seem that the best evidence as to 
local completeness of compensation from pres- 
ent available observations will be afforded by 
comparing the residuals at pairs of stations in | 
the same general locality, but differing con- 
siderably in elevation, as in such a comparison 
distant effects and various uncertainties will 
be largely eliminated, and furthermore it is in 
such regions that lack of local compensation 
might be most likely to occur. It is on some- 
what the same principle that the most accu- 
rate latitude determinations are obtained from 
observations of pairs of stars. In the 45 sta- 
tions reduced by the four methods as outlined 
above there are only five such pairs of stations, 
that is, stations horizontally not remote, and 
yet having considerable differences of eleva- 
tion. The following table gives the facts for 
these ten stations, and also the differences be- 
tween the anomalies, subtracting that of the 
lower from that of the higher station in each 
instance. 

In the second paper there is one more such 
pair, Cloudland, Tennessee, 1,890 meters, and 
Hughes, Tennessee, 994 meters, with difference 
in anomaly for local compensation + .033, sub- 
tracting the lower from the higher station; for 
the three regional compensation reductions 
(not yet published) the differences are, 19 km. 
+. .031, 59 km.-+- .081, 167 km. + .031. 
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Difference Difference in Anomaly, Subtracting Lower from Higher Station j 
Stati Elevation, | in Eleva- 4 
= Meters Regional Compensation 
Meters | sation Dynes HL 
19 Km., Dynes | 59 Km., Dynes | 167 Km., Dynes 
Mauna Kea, Hawaii. ...........++. 3,981 i if 
Honolulu, 6 3,975 + .131 + .118 + .105 + .068 
Gornergrat, Switzerland............ 3,016 
St. Maurice, Switzerland........... 419 2,597 + .046 + .041 + .023 + .016 i} 
Pikes Peak, Colorado .............. 4,293 a) 
Colorado Springs, Colorado........ 1,841 2,452 + .028 + 020 + .016 + .012 a 
Yavapai, Arizona... 2,179 
Grand Canyon, Arizona............ 849 1,330 + .011 + .010 + .010 + .012 He 
Mt. Hamilton, California.......... 1,282 a 
San Francisco, California........... 114 1,168 + .020 + .020 + .011 + .029 
Mean anomaly difference........... .047 .042 033 027 
Range in anomaly difference...... | .120 .108 .095 .056 bi 
This is too small a number of pairs to war- compared with gravity at the lower, which if H 
rant a conclusion, but so far as they go, the real, may be due to materials beneath the sur- % 
results show an advantage for regional com- face, or to some conditions of the reduction. uL 
pensation. Also in every instance the differ- The number of results, five, is, however, too 
ence is plus on subtracting the anomaly for small for safe general conclusions. \ 
the lower station from that for the higher, and 4. If practically identical results are ob- “fl 
there is slight indication of a relation to the tained with regional and with local compensa- a 
difference in elevation. The plus difference, tion or if limited regional compensation is , " 
if real, indicates an apparent excess of gravity nearer the truth, it may be possible to lessen ‘it 
at the high station as compared with the low the labor of reduction of gravity observations 1 
station. This may be actual and due to some by computing the direct topographic effect if 
condition of materials beneath the surface, or and the general compensation for a larger : 
it may result from a compensation correction 20ne about the station. 
relatively too large being applied to the high The above discussion bears on one feature 
station, or from some other feature of the only of the interesting reports to which refer- (ia 
reduction. The evidence given by these pairs nce is made. 
of stations is slight, but points to the possi- Grorce R. Putnam 
bility of further interesting investigation, pro’ 
which might be extended along similar lines 
to a study of diff i aeg 
neighboring astronomic stations. ae 
The conclusions from the above are: VALUE 
1. From the general mass of results there ea io 
is practically no evidence showing whether Didinium appears only occasionally in ordi- Mt 
there is nearly complete local compensation nary cultures for the protozoa usually studied : 
or only general regional compensation within in the laboratory. Owing to this fact it is i i 
the areas considered, that is, within zones up not widely known and consequently its excep- ate 


to 167 kilometers (104 miles) radius. 

2. The comparison of pairs of neighboring 
stations differing considerably in elevation 
shows an advantage for regional compensa- 
tion, but the number of results is too small 
for a definite conclusion. 

3. The comparison by pairs shows in each 
case gravity at the higher station in excess as 


tional possibilities as laboratory material for 
study in courses in biology have been quite 
generally overlooked. I have had this animal 
under almost continuous observation during 
the past four years and have become fairly 
well acquainted with it. The following notes 
are based upon these observations. 

Didinia feed largely on paramecia. They 
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multiply more rapidly than paramecia, so that 
if they are introduced in a culture they soon 
devour all of their food, after which they ordi- 
narily encyst. In this state they can be kept 
indefinitely and when wanted for study all 
that is necessary is to add, a few days in ad- 
vance, a vigorous culture of paramecia. After 
the addition of this culture some didinia 
usually come out within twenty-four hours, 
but I have found it necessary in some in- 
stances to wait several days. They seldom 
come out in every culture containing cysts, 
so that it is wise always to keep a number on 
hand. I have found 50 to 100 ec. wide- 
mouthed bottles most satisfactory for this 
purpose. On several occasions I left culture 
jars containing cysts together with consider- 
able débris uncovered during the summer 
vacation and found in the autumn, at least 
two months after all of the water had evapo- 
ated that the cysts came out in about half of 
the jars. I am, however, of the opinion that 
the cysts keep better if the liquid is not al- 
lowed to dry. On one occasion I kept cysts 
for very nearly a year’ in a 5 c.c. bottle full 
of solution hermetically sealed and found 
numerous active didinia in less than twenty- 
four hours after adding a solution containing 
paramecia. Thus it is evident that after a 
culture is once established material can be 
obtained in abundance at any time. 
Didinium is usually described as a barrel- 
shaped organism. It has two bands of cilia, 
one near the anterior end, which contains a 
cone-shaped protuberance with the mouth at 
the apex, the other near the posterior end 
where the contractile vacuole is located. The 
so-called seizing organ, a strand of fibrous tis- 
sue, extends from the central part of the body 
to the mouth. The macronucleus is a com- 
paratively large and conspicuous horseshoe- 
shaped structure. All of these characteristic 
features can be clearly seen in specimens 
killed in Worcester’s fluid (a saturated solu- 


*Since writing this I obtained a good number 
of active didinia from cysts which had been in a 
5 e.e. vial full of solution two years and four 
months. 
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tion of corrosive sublimate in ten per cent. 
formalin containing a little acetic acid) and 
cleared by adding a very small proportion of 
ten per cent. glycerine and allowing it to 
concentrate slowly by evaporation. They can 
also be seen fairly distinctly in living speci- 
mens which have been kept for a day without 
food, especially if they are held stationary 
and slightly flattened under the cover-glass, 
This can be done readily by slowly removing 
the water by means of a bit of filter paper, 
If the cover-glass is slightly tapped after the 
animals are flattened they burst and then the 
protoplasmic contents flow out. The ecto- 
sare is rather tough and remains intact for 
some time, resembling a shell. The seizing 
organ usually breaks up and the numerous 
fibers of which it is composed separate and 
flow about in the liquid so that they can be 
clearly seen. The macronucleus rarely breaks 
and if the cover-glass is lightly touched at 
ried about in the more liquid cytoplasm and 
rolls over and over, presenting a view from all 
sides. In this way the student gets an ex- 
ceptionally realistic idea of it as a definite 
structure having a strikingly different con- 
sistency from that of the cytoplasm. 

The greatest value of Didiniwm, however, 
in the study of biology lies in the intense in- 
terest aroused by the observation of the re- 
markable phenomenon of feeding. I have re- 
peatedly seen one of these organisms capture 
and swallow entire in the course of several 
seconds a paramecium ten times its own size. 
And the essentials in this process can readily 
be observed by almost any student. 

I should recommend two different methods 
in making these observations. 

1. Place a good number of didinia which 
have been without food for a day in a shallow 
watch-glass or on a slide and then while 
observing under the low power, add a drop of 
solution containing numerous paramecia. Or 
if more details are desired make on a slide, 
with a small ridge of vaseline, an enclosure 
somewhat smaller than a cover-glass. The 
enclosure should have a small opening on one 
side. Put a large number of hungry didinia 


DECEMBER 20, 1912] 


in the enclosure, cover them with the cover- 
glass, place a drop of solution containing par- 
amecia at the opening in the enclosure, and 
then study the process of feeding under low 
or high power at the place where the two solu- 
tions meet. Didinia thus enclosed can be 
studied for hours without danger from drying 
and if put into a damp chamber when not in 
use they can often be kept for days. This is 
an excellent method for observation on all 
sorts of protozoa. 

2. A few seconds after adding paramecia 
to a solution containing many didinia kill 
them suddenly by flooding the dish with a lib- 
eral supply of Worcester’s fluid. If the ani- 
mals are killed at just the right time speci- 
mens in all stages of the process of feeding 
will be found. These can be mounted and 
studied at leisure under any magnification 
desired. If the animals are treated with 
glycerine as described above the different 
structures stand out very distinctly. I used 
this method in demonstrating the protective 
function of the trichocysts. In order to do 
this it is, however, necessary to have relatively 
large paramecia and small didinia. 

Another very interesting and instructive 
process that can be observed readily in 
Didinium is encystment. Although this is a 
protective process of the greatest importance 
in many organisms, it is rarely studied first 
hand. Didinia can be induced to encyst al- 
most any time by cutting off the food supply 
and adding considerable decaying organic 
matter, and as previously stated they can be 
induced to develop and become active again 
by adding a strong culture of paramecia. 
Different stages in these processes can fre- 
quently be seen, as for example the disappear- 
ance of the cilia, mouth seizing-organ, macro- 
nucleus, ete. 

Conjugation occurs abundantly at times in 
Didinium, but the environmental factors 
necessary to induce it have not as yet been 
ascertained with sufficient accuracy to make 
this form at all favorable for the study of this 
process. Fission, on the other hand, occurs 
more frequently than in Paramecium and 
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many other protozoa and the essential fea- 
tures in the process are easily worked out. 

It seems to me then that owing to the 
readiness with which Didinium can be pro- 
cured at any time, the ease with which its 
structures can be worked out, and the possi- 
bility of observing the phenomena of fission 
and encystment and especially the marvelous 
process of feeding, this animal should become 
as familiar in biological laboratories as Para- 
mecium now is. In fact, the study of Para- 
mecium must be regarded as very superficial 
indeed without observations on Didinium and 
its method of protection against this deadly 
enemy. 
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THE NUMBERS OF INSECTS DESTROYED BY WESTERN 
MEDDOWLARKS (STURNELLA NEGLECTA) 


Little definite data as to the exact numbers 
of insects destroyed by birds in a given local- 
ity has as yet been available. In connection 
with an investigation into the food habits of 
certain California birds now being carried on 
by the California State Board of Fish and 
Game Commissioners, and the University of 
California, considerable evidence as to the toll 
of insects taken by certain species of birds is 
being made available. With the help of the 
deputies of the commission it has been pos- 
sible to collect birds in sufficient quantities 
for stomach examination, in some twenty dif- 
ferent parts of the state, and in every month 
of the year. A knowledge of the food habits 
of the birds throughout the year is therefore 
at hand. 
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The western meadowlark (Sturnella ne- 
glecta) has been the subject of considerable 
complaint from the ranchers of the state, 
owing to its habit of pulling sprouting grain. 
The investigation has shown that this bird is 
guilty of destroying sprouting grain; but the 
evidence as to its value as a destroyer of in- 
sects is of greater interest. Some idea of the 
remarkable change of food habits during the 
year can be obtained from the following table. 


COMPARISON OF THE FOOD HABITS OF THE MEADOW- 
LARK FOR DIFFERENT MONTHS OF THE YEAR, 1911 


Birds Collected in Grain Fields in the Vicinity of 


Red Bluff, Tehama County, Cal. Average 
of Six Birds for Each Month 


a 
3 2 
Month oa 382 a| és 
January 1.0 | 99.0 1.0 94 
February 38.5 | 61.5 3.6 | 31.0 | 41.6 
March..... 87.2 | 12.8 | 22.7 | 20.6 | 10.6 
a 73.6 | 26.4 5.2 | 51.0 
May....... 99.9 1 6.2 | 69.0 4 
JUMO. . 96.5 3.5 3.0 | 15.0 57.5 
91.3 8.7 4.7 6.3) 85.5 
August..... 75.2 | 24.8 2.1 15.6, 72.6 
September 88.0 | 12.0 7.8 3.2 61.2 
October 37.5 | 62.5 5 47.1| 35.6 
November 28.4 | 71.6 | 14.0 | 14.1 | 38.1 
December 57.6 | 42.4 | 18.6 15.8 13.0, 
Avs.foryear' 64.6 | 35.4 7.6 | 18.3 |22.2' 26.4 


Grain appears to be resorted to when insects 
are not available. Beetles are taken the year 
round. Cutworms in the food reach a maxi- 
mum in May, whereas grasshoppers reach a 
maximum in July, in this particular locality. 
A table showing the numbers of cutworms 
actually counted in the stomachs of meadow- 
larks taken at Red Bluff in February, March, 
April, May and June, and their per cent. of 
volume demonstrates the quantities of these 
pests destroyed by this species of bird. It will 
be noted that the numbers of cutworms con- 
sumed is greater when the worms are still of 
small size. The percentages represent the 
comparative volume of the different kinds of 
food found in the stomach. A few larve not 
typical cutworms, taken by the birds, are 
nevertheless classified under this heading. 
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WORMS CONSUMED BY MEADOWLARKS TAKEN IN 
THE VICINITY OF RED BLUFF, CAL, 


1911 No. of Birds 
February 12 360 36.8 
March...... 12 16 22.5 
12 68 41.9 
12 90 44.7 
6 6 9.1 
54 540 Av. 31.0 


The value of meadowlarks as checks on the 
increase of grasshoppers is also attested by 
the accompanying table. 


TABLE SHOWING NUMBERS AND PERCENTAGES OF 
GRASSHOPPERS CONSUMED BY MEADOWLARKS 
TAKEN IN THE VICINITY OF EL TORO, CAL. 


Num-| Ave 
1911 ber of ender 
Grass- | of Grass- | of Grass- 
Birds |hoppers) hoppers | hoppers 
13 53 4 43.2 
7 59 8.4 77.5 
19 314 16.5 93.89 
September....... 6 75 12.5 96.3 
oS 13 122 9.3 61.9 
November....... 8 115 14.3 66.6 
Totals and avs...| 66 738 10.1 73.23 


The numbers of grasshoppers were esti- 
mated by counting paired mandibles. Man- 
dibles pass through the alimentary tract with- 
out being digested, as can be shown by an 
examination of the feces. Experiments with 
young meadowlarks has shown the time of 
digestion of grasshoppers to be between three 
and four hours. The numbers found in stom- 
ach examination doubtless represent, there- 
fore, those which have been eaten during the 
preceding three or four hours, before the birds 
were killed. In order to ascertain some idea 
of the numbers consumed in a day, the aver- 
age number per bird needs to be multiplied by 
four. It seems safe to conclude that the par- 
ticular meadowlarks examined were averag- 
ing almost fifty grasshoppers a day. As many 
as twenty-eight pairs of mandibles were found 
in a single stomach. 

Of course not all of the grasshoppers de- 
stroyed can be considered injurious, for only 
certain species become abundant enough to 
destroy crops. The main point to be noted 
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is that birds, if they feed on insects to the ex- 
tent shown in this instance, must play a much 
more important part as checks on the num- 
bers of insects than many people have hitherto 
believed. 

Stomach examination has shown that a con- 
siderable percentage of the food of the west- 
ern meadowlark is made up of ground beetles, 
these insects being eaten every month of the 
year. The harm done in destroying beetles 
considered beneficial because of their preda- 
cious habits (e. g., Calosoma) is in a large 
measure counteracted by the destruction of 
certain injurious elaterid (e. g., D. rasterius) 
and chrysomelid (e. g., Diabrotica soror) 
beetles. The stomach of a meadowlark taken 
at Big Pine, Inyo County, California, No- 
vember 20, 1911, contained over thirty-six 
chrysomelid beetles of the species Diabrotica 
soror. In that this species is very destructive 
in the state, and as insecticides are seldom 
used as a means of control, any natural 
means of check becomes of importance, and 
should be so recognized. 

A knowledge of the part played by certain 
birds in the economy of nature is yearly be- 
coming more important and demands atten- 
tion, lest the information needed be forth- 
coming too late. As the fairest test of the 
value of a bird is dependent on a knowledge 
of its food habits, the investigation in hand 
will help to demonstrate the economic value 
of those birds now considered of doubtful 
value. The investigation will not stop with 
a knowledge of the food habits alone, for the 
life history of each bird and its relation to its 
environment constitute factors almost as im- 
portant, which must be considered. The 
justification of the investigation does not 
only lie in the increased information as to 
the food of birds, but in the saner protection 
which must necessarily follow the knowledge 
of the use of birds. 

Harotp C. Bryant, 
Assistant, California State Fish 
and Game Commission 

ZOOLOGICAL LABORATORY, 

UNIVERSITY OF CALIFORNIA, 
BERKELEY, CALIFORNIA 
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THE MOSAIC DISEASE OF TOBACCO 

During the past winter an investigation of 
the Mosaic disease of tobacco was undertaken 
by the writer. Mosaic has been generally 
regarded as a so-called physiological disease 
and it was planned to carry out the investiga- 
tion along physiological lines. However, cer- 
tain observations soon brought to light new 
facts which would seem to throw considerable 
doubt on former views as to the nature of the 
malady. It was found that insects are in- 
volved in the dissemination of the disease and 
the Bureau of Entomology has undertaken to 
follow up this phase of the problem. It will 
doubtless require considerable time to work 
out satisfactorily the questions involved, but 
it is thought desirable to announce the more 
important facts which have been established 
regarding this obscure disease. 


Susceptibility of other Solanaceous Plants 
to the Mosaic Disease 


Heretofore, no investigator has shown defi- 
nitely that the mosaic disease of tobacco is 
communicable to other plants. The writer, 
however, has readily transferred the disease 
from tobacco to a great variety of solanaceous 
plants. By inoculation the disease has been 
obtained in plants of the following genera: 
Nicotiana, Lycopersicon, Petunia, Physalis, 
Datura, Hyoscyamus, Solanum and Capsicum. 
A mosaic plant of the species (Selanum caro- 
linense) brought to the writer’s attention, in- 
dicates that the mosaic disease of tobacco 
sometimes occurs in strictly wild plants. 

Efforts to inoculate the common potato 
(Solanum tuberosum), the eggplant (Solanum 
melongena) and belladonna (Atropa_ bella- 
donna) were without success. Among the 
species of Nicotiana, it has not yet been pos- 
sible to develop the disease in the species 
N. glauca and N. viscosum. 


Appearance of the Blossoms of Mosaic 
Tobacco Plants 
The development of mosaic in all varieties 
of Nicotiana tabacum usually affects the in- 
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tensity and distribution of the pink coloration 
of the corollas in much the same manner that 
it affects the intensity and distribution of the 
green color of the leaves. For this reason an 
examination of the blossoms often affords one 
of the surest indications of the presence of 
mosaic in a tobacco plant. So far as the 
writer is aware, this distinctive appearance of 
the blossoms has not before been mentioned. 


Specific Infection Apparently Responsible for 
the Development of Mosaic 


The writer’s experiments do not bear out 
the conclusions of earlier investigators that a 
true, infectious mosaic can be produced in 
plants by simply cutting them back. 

If the infectious principle of mosaic is not 
accidentally introduced during the course of 
the experiments, and if the plants are abso- 
lutely free from the disease at the time of 
cutting, our experiments indicate that these 
plants may be cut back indefinitely without 
producing mosaic. Healthy plants have been 
constantly cut back, in some instances for 
long periods, without producing any symptoms 
of true mosaic. This was not accomplished, 
however, until thorough methods of sterilizing 
were observed, and the plants had been care- 
fully screened and fumigated to exclude 
aphids. 

Soil Infection 

All experimental data at hand indicate that 
soil infection is not as important a factor as 
has been supposed in the origin of mosaic in 
the seed bed. In many experiments it has 
been shown beyond question that an outbreak 
of mosaic in young plants was not in any way 
connected with soil infection. 


Aphids as Carriers of the Mosaic Disease 


In the course of the writer’s greenhouse ex- 
periments with tobacco, it was observed that 
the occurrence of mosaic in plants at various 
stages of development was in some manner 
frequently associated with aphid infestation. 

Under control conditions it was observed 
that healthy tobacco plants were always ob- 
tained if these were grown in screened cages 
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fumigated at short intervals to prevent aphid 
infestation. On the other hand, when colonies 
of aphids present in the greenhouse were in- 
troduced into other cages containing healthy 
plants, infestation of the plants resulted in a 
wholesale occurrence of mosaic. This phase 
of the question has been taken up in coopera- 
tion with the Bureau of Entomology. 

Following inoculation a somewhat variable 
inoculation period preceded the first symptoms 
of mosaic. This period and the subsequent 
symptoms appear to be practically the same 
in whatever manner the disease may be com- 
municated to healthy plants. 

In the light of the facts brought out in our 
experiments, it is not easy to see how the 
mosaic disease of tobacco can be logically 
placed in the category of purely physiological 
diseases. These facts strongly suggest the 
presence of a living, active microorganism. 

It has been suggested at various times that 
the pollen grains may be the earriers of a 
mosaic disease. LEarlier investigators have 
shown (and the writer has substantiated these 
results) that the seed of mosaic plants pro- 
duces healthy plants. As a matter of fact, 
the general rule of self-fertilization of the 
tobacco flower means that the pollen grain and 
ovules are both produced by a mosaic plant. 
These facts are not favorable to the pollen- 
grain transmission of the disease. 

H. A. ALLARD 


BUREAU OF PLANT INDUSTRY, 
WASHINGTON, D. C. 


THE CONVOCATION WEEK MEETING OF 
SCIENTIFIC SOCIETIES 

Tue American Association for the Advance- 
ment of Science and the national scientific 
societies named below will meet at Cleveland, 
Ohio, during convocation week, beginning on 
December 30, 1912. 

American Association for the Advancement of 
Science—President, Professor Edward C. Picker- 
ing, Harvard College Observatory; retiring presi- 
dent, Professor Charles E. Bessey, University of 
Nebraska; permanent secretary, Dr. L. O. Howard, 
Smithsonian Institution, Washington, D. C.; gen- 
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eral secretary, Professor H. E. Summers, State 
College, Ames, Ia.; secretary of the council, Pro- 
fessor H. W. Springsteen, Western Reserve Uni- 
versity, Cleveland, Ohio. 

Section A—Mathematics and Astronomy.—Vice- 
president, Professor E. B. Van Vleck, University 
of Wisconsin; secretary, Professor George A. 
Miller, University of Illinois, Urbana, Il. 

Section B—Physics.—Vice-president, Professor 
Arthur Gordon Webster, Clark University; secre- 
tary, Dr. W. J. Humphreys, Mount Weather, Va. 

Section C—Chemistry.—Vice-president, Pro- 
fessor W. Lash Miller, University of Toronto; 
secretary, Professor C. H. Herty, University of 
North Carolina, Chapel Hill, N. C. 

Section D—Mechanical Science and Engineering. 
—Vice-president, Dr. J. A. Holmes, U. S. Recla- 
mation Service; secretary, G. W. Bissell, Michigan 
Agricultural College, East Lansing, Mich. 

Section E—Geology and Geography.—V ice-presi- 
dent, Professor James E. Todd, University of 
Kansas; secretary, Professor George F. Kay, Uni- 
versity of Iowa. 

Section F—Zoology.—Vice-president, Professor 
William A. Locy, Northwestern University; secre- 
tary, Professor Maurice A. Bigelow, Teachers Col- 
lege, Columbia University, New York City. 

Section G—Botany.—Vice-president, Professor 
D. 8. Johnson, The Johns Hopkins University; 
secretary, Professor Henry C. Cowles, University 
of Chicago, Chicago, Ill. 

Section H—Anthropology and Psychology.— 
Vice-president, Dr. J. Walter Fewkes, Bureau of 
American Ethnology; secretary, Professor George 
Grant MaeCurdy, Yale University, New Haven, 
Conn. 

Section I—Social and Economic Science.—Vice- 
president, John Hays Hammond, New York City; 
secretary, Seymour C. Loomis, 69 Church St., New 
Haven, Conn. 

Section K—Physiology and Experimental Medi- 
cine.—Vice-president, Professor J. J. McCleod, 
Western Reserve University; secretary, Professor 
George T. Kemp, 8 West 25th St., Baltimore, Md. 

Section L—Education.—Vice-president, Pro- 
fessor J. McKeen Cattell, Columbia University; 
Secretary, Professor C. Riborg Mann, University 
of Chicago, Chicago, Ill. 

The Astronomical and Astrophysical Society of 
America—December 30-January 4. President, 
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Professor E. C. Pickering, Harvard College Ob- 
Servatory; secretary, Professor Philip Fox, Dear- 
born Observatory, Evanston, II. 

The American Mathematical Society—Decem- 
ber 3l-January 2. President, Professor H. B. 
Fine, Princeton University; secretary, Professor 
F. N. Cole, 501 West 116th Street, New York City. 

The American Federation of Teachers of the 
Mathematical and the Natural Sciences.—Between 
December 30-January 4. President, Professor C. 
R. Mann, University of Chicago; secretary, Eugene 
Randolph Smith, The Park School, Baltimore, Md. 


The American Physical Society—President, 
Professor W. F. Magie, Princeton University; see- 
retary, Professor Ernest Merritt, Cornell Univer- 
sity, Ithaca, N. Y. 

The American Society of Biological Chemists.— 
December 30-January 1. President, Professor A. 
B. Macallum, University of Toronto; secretary, 
Professor A. N. Richards, University of Pennsyl- 
vania, Philadelphia, Pa. 

The American Physiclogical Society —December 
30—January 1. President, Dr. 8S. J. Meltzer, Rocke- 
feller Institute for Medical Research, New York 
City; secretary, Professor A. J. Carlson, Univer- 
sity of Chicago, Chicago, Il. 

The Society for Pharmacology and Ezperi- 
mental Therapeutics—December 30-31.  Presi- 
dent, Professor John J. Abel, The Johns Hopkins 
University; secretary, Dr. John Auer, Rockefeller 
Institute for Medical Research, New York City. 

The American Society of Naturalists.—January 
2. President, Professor E. G. Conklin, Princeton 
University; secretary, Professor A. L. Treadwell, 
Vassar College, Poughkeepsie, N. Y. 

The American Society of Zoologists—December 
30—January 1. Zastern Branch: President, Dr. A. 
G. Meyer, Tortugas, Fla.; secretary, Professor J. 
H. Gerould, Dartmouth College. Central Branch 
(in charge of meeting): president, Professor H. 
B. Ward, University of Nebraska; secretary, Pro- 
fessor W. C. Curtis, University of Missouri, Co- 
lumbia, Mo. 

The Association of American Anatomists.—De- 
cember 31-—January 2. President, Professor Ross 
G. Harrison, Yale University; secretary, Professor 
G. Carl Huber, 1330 Hill Street, Ann Arbor, Mich, 


The Entomological Society of America.—De- 
cember 31—January 1. President, Professor Ste- 
phen A. Forbes, University of Illinois; secretary, 
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Professor Alexander D. MacGillivray, 603 West 
Michigan Ave., Urbana, 


The American Association of Economic Ento- 
mologists.—January 1-3. President, W. D. Hun- 
ter, Dallas, Tex.; secretary, A. F. Burgess, Melrose 
Highlands, Mass. 


The American Microscopical Society.—December 
31-January 1. President, Dr. F. D. Heald, Phila- 
delphia; secretary, T. W. GaJloway, Millikin Uni- 
versity, Decatur, Ill. 


The Botanical Society of America.—December 
31-January 3. President, Professor L. R. Jones, 
University of Wisconsin; secretary, Dr. George T. 
Moore, Botanical Garden, St. Louis, Mo. 


Botanists of the Central States—Between De- 
eember 30 and January 4. President, Professor 
T. H. Macbride, University of Iowa; secretary, 
Professor Henry C. Cowles, University of Chicago, 
Chieago, Ill. 

The American Phytopathological Society.—De- 
cember 31—January 3. President, Dr. G. P. Clin- 
ton, New Haven Agricultural Experiment Station; 


secretary, Dr. C. L. Shear, Department of Agri- 
culture, Washington, D. C. 


The American Nature-Study Society.—December 


30-31. President, Professor Benjamin M. Davis, 


Miami University; secretary, Dr. Elliot R. Down- 
ing, University of Chicago, Chicago, Ill. 

The Association of Official Seed Analysts.—Jan- 
uary 2. President, Dr. E. H. Jenkins, New Haven, 
Conn.; secretary, E. Brown, U. S. Department of 
Agriculture, Washington, D. C. 

American Association of Official Horticultural 
Inspectors—January 2-3. President, Dr. T. J. 
Headley, New Brunswick, N. J.; secretary, T. B. 
Symons, College Park, Md. 

The American Anthropological Association.— 
December 30—January 3. President, Dr. J. Walter 
Fewkes, Bureau of Ethnology; secretary, Pro- 
fessor George Grant MacCurdy, Yale University, 
New Haven, Conn. 


The American Folk-Lore Society—January 1. 
President, John A. Lomax, University of Texas; 
secretary, Dr. Charles Peabody, Peabody Museum, 
Cambridge, Mass. 

The American Psychological Association.—De- 
cember 30-January 1. President, Professor Ed- 
ward L. Thorndike, Columbia University; secre- 
tary, W. Van Dyke Bingham, Dartmouth College, 
Hanover, N. H. 
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The Sigma Xi Convention.—January 2. Prosi. 
dent, Professor Henry T. Eddy, University of 
Minnesota; secretary, Dr. Dayton C. Miller, Case 
School of Applied Science, Cleveland, Ohio. 


Gamma Alpha Graduate Scientific Fraternity — 
December 31. President, Professor William 
Crocker, University of Chicago; secretary, Pro. 
fessor H. E. Howe, Randolph-Macon College, 
Ashland, Va. 

NEW HAVEN 


The Geological Society of America.—December 
28-31. President, Professor H. L. Fairchild, 
Rochester University; secretary, Dr. Edmund Otis 
Hovey, American Museum of Natural History, 
New York City. 

The Association of American Geographers.— 
December 27-30. President, Professor Rollin D. 
Salisbury, University of Chicago; secretary, Pro- 
fessor Albert Perry Brigham, Hamilton, N. Y. 

The Paleontological Society—December 30-31. 
President, David White, U. S. Geological Survey; 
secretary, Dr. R. 8. Bassler, U. S. National Mu- 
seum, Washington, D. C. 


BOSTON 


The American Economic Association.—December 
27-31. President, Professor Frank A. Fetter, 
Princeton University; secretary, Professor T. N. 
Carver, Harvard University, Cambridge, Mass. 

The American Statistical Association.—Decem- 
ber 27-30. President, Professor Walter F. Will- 
cox, Cornell University; secretary, Carroll W. 
Doten, 491 Boylston Street, Boston, Mass. 

The American Sociological Society.—December 
27-31. President, Professor Albion W. Small, 
University of Chicago; secretary, Scott E. W. 
Bedford, University of Chicago, Chicago, IIl. 

The American Association for Labor Legisla- 
tion—December 27-28. President, Professor 
Henry R. Seager, Columbia University; secretary, 
Dr. John B. Andrews, 131 East 23d St., New York 
City. 

The American Home Economics Association.— 
December 30-31. President, Miss Isabel Bevier, 
University of Illinois; secretary, Benjamin R. 
Andrews, Teachers College, Columbia University, 
New York City. 


NEW YORK CITY 
The Society of American Bacteriologists—De- 
cember 31-January 2. President, Dr. Wm. H. 
Park, New York City; secretary, Charles E. Mar- 
shall, Amherst, Mass. 


